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f^he peritrichs of the giver fillingbourne, Surrey, were studied at 
six sites over a year. Samples were taken at weekly intervals, the 
species isolated were identified and counted. No sampling methods were 
employed and are critically appraised. The peritrich community was found 
to change in space and time. The effects of physico - chemical and 
biological factors on the distribution of peritrichs and the reliability 
of peritrichs as indicators of pollution are discussed. 
Peritrichs were examined by scanning electron microscopy. By 
pretreating with the chlorinated alcohol, chlorbutol, it was possibly for 
the first time, to obtain undistorted, fully relaxed specimens. Surface 
structures such as striations, pores and tubercles were compared in 
relaxed and unrelaxed cells. Chlorbutol also preserved the outer 
pellicular membrane so the appearance of the zooid as revealed by SEM 
differs substantially from that usually reported. 
The lorica of Platycola was examined in detail using cytochemical 
stains, SE, M, TEM, and micro-analytical techniques. Its compononents were 
found to be 80% organic and 2( inorganic in nature. The border fringe 
was revealed to be an extension of the lorica, wall lying in close contact 
with the substrate. The dorsal surface of the lorica was furnished with 
numerous spheres, 30 - 60 nm in diameter and containing high concentrations 
of silica and phosphorous. Their origin and function are discussed. 
Two genera, Platycola and Vorticella are taxonomically revised. 
Thirteen species of Platycola are recognised as valid; these are drawn 
and described and a key to their identification is given. Traditional 
morphological characters and zooid shape are both used in the revision 
of the genus Vorticella and multivariate techniques were employed to 
handle the large volumes of data generated. Seventy five species are 
recognised as valid. 1hhese are drawn, described and a key to their 
identification is given. An identification scheme based on zooid shape 
is presented whereby Vorticella isolates may be quickly and accurately 
identified. 
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Chapter One 
Introduction 
A. TAXONOMY OF THE 1; HITRICHS 
The first observations of peritrich protozoa were made by Anthony 
van Leeuwenhoek in 1674 who described what was probably a species of 
Vorticella. According to Kent (1884-2) Leeuwenhoek wrote of "these 
animalcula or living atoms ... put forth two little horns ... the 
body roundish, sharpening a little toward the end where they had a 
tayle, nearly four times the length of the body and the thickness of a 
spider's web. It came to pass that their whole body lept back towards 
their tayle which rolled together serpent-like ... and unwound again". 
So with just the use of a hand lens, Leeuwenhoek had accurately 
described the characteristic process of Yorticella contracting and 
relaxing what we now call a stalk instead of a 'tayle'. 
Leeuwenhoek's description was extended through the years but it was 
not until 1755 that Hosenhof made the first drawing of a species of 
Vorticella which annaeus (1767) called Vorticella convallaria. 
The genus Vorticella was given its modern definition by Ehrenberg (1838) 
but it was Stein (1859) who was the first to recognise that the peritrichs 
as a group share a unique set of characters which clearly differentiates 
them from other ciliate assemblages such as the holotrichs and spirotrichs. 
Thereafter the peritrichs were universally accepted as an independent 
group and placed at a very high taxonomic level in all the major 
protozoology manuals such as Kent (M-82), Butschli (1887 - 89) and 
Kahl (1935). However, more recently Faur6 - Fremiet (1950), supported by 
Corliss (1961), proposed that the peritrichs' presumed ancestry among the 
hymenostomes sensu lato would also suggest close taxonomic ties with that 
group. Since then the heirarchical position of the peritrichs has been 
the centre of a widely ranging controversy and this has been reflected in 
the several classification schemes published during the following twenty 
five years (for discussion see Finley, 1974 and Corliss, 1975). The 
scheme adopted here the one published most recently by Corliss (1977,1979) 
where the peritrichs were afforded the rank of sub-class thus; 
-1- 
Phylum Ciliophora 
Class Oligohymenophora 
Sub class Peritricha 
Order Yeritrichida 
Sub order 1 Sessilina 
Sub order 2 Mobilina 
Numerically, the order Peritrichida is probably the largest of all 
ciliate orders yet its many and diverse species all exhibit several 
distinguishing characters as shown in figure 1, which set the group 
apart from its nearest taxonomic neighbours. These have been discussed 
at length by several workers including Faure - Fremiet (1965), raabe 
(1964) and Corliss (1979) and include; an oral field covering the entire 
apical end of the body, a greatly reduced somatic ciliature, often a stalk 
or holdfast organelle plus a locomotor fringe of cilia at the aboral pole, 
an unusual arrangement of prominent peristomial ciliature circling in a 
counter clockwise direction and then plunging deep into an infundibular 
cavity at the bottom of which is found the cytostome, and a division plane 
during fission which is parallel to the major axis of the body. 
Most peritrich genera are comparatively easy to identify solely on 
the basis of morphological characters. For example sedentary forms may be 
either solitary or colonial; colonial forms may be either contractile or 
non-contractile while solitary forms may be loricate or non-loricate; 
loricas may be either erect or decumbent and either with or without 
valves and so on. However, identification to species is in many cases 
very much more difficult since species specific characters are often less 
well defined and frequently do not take account of the innate variability 
exhibited by many organisms under different ecological conditions or at 
different stages of the life cycle. This problem is perhaps best illustrated 
in the genus Vorticella for which there are some 200 described species 
and varieties although Corliss (1979) is but one of several workers to 
have expressed doubt that all of these are valid. 
The last major review of the genus Vorticella was that of Noland & 
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Figure 1. Diagram showing ciliary and fibrillar systems of a 
vorticellid. Ba, battonets; BM, body myoneme; C, cytopharynx; 
CM, circular membrane; CR1 - CR3,1st - 3rd ciliary rows; 
Cy, cytoplasm; FM, fibrillar matrix; G, germinal kinety; 
H, haplokinety; Ma, macronucleus; MM, membrane myoneme; 
PCW, posterior ciliary wreath; Pk, polykinety; Pkt - Pk 3, 
lot - 3rd rows of polykinety; " Pa, plasma membrane; R, rod; 
Ri, rib; Rn, ring circling the stalk; S, sheath; Sp, spasmoneme; 
V, vestibulua (from Kawamura, 1973). 
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Finley (1931) who listed the major characters by which the species may be 
recognised and, in so doing, laid the foundations of peritrich taxonomy 
for the next fifty years. Due to the constraints of the techniques 
available at that time these characters were based almost entirely on 
gross morphological features, but since then many advances have been 
made in the fields of light microscopy, staining techniques, analytical 
processes and the developement of the transmission and scanning electron 
microscopes (TEM and SEM respectively). This has led to a substantial 
increase in our knowledge of the biology of the ciliates in general, and 
the number of useful taxonomic characters has increased accordingly. In 
his review of ciliate systematics, Corliss (1979) now recognises seven 
main sources of these characters; 
1. Gross morphological features; included here are facts about the body 
shape, ciliation, and the oral area in general. 
2. Gross physiological and morphogenetic features; for example, data 
on lifestyle, general functional and behavioural features, and the 
many morphogenetic phenomena involved in different stages of the life 
cycle. 
3. Endoplasmic and nuclear features, such as descriptions of mitochondria, 
food reserves and endosymbionts along with observations on the 
condition, number, kind, shape, size, location and degree of 
polyploidy of the nuclei. 
4. Cortical features, i. e. argyrome and infraciliature. This is now 
considered the most valuable source of data in ciliate systematics 
and, in the present context, depends almost entirely on methods of 
silver impregnation. 
5. Biochemical, genetic and other molecular features, including studies 
of metabolic pathways, ciliary movement, organellar template 
formation, chemical, ecology and molecular evolution. 
6. Ultrastructural features; essentially many of the same structures 
listed in category 3 are included here but with the emphasis on 
descriptive information at the molecular level obtainable only by 
-4- 
TEM and SEM. 
7. Ecological features, i. e. information about the habitat, chemicophysical 
and biogeographical details, its relation to food preferences and so 
on. 
With such large volumes of data available it is essential that proper 
quantitative methods are employed if these characters are to be used to 
their full taxonomic value. Unfortunately, as far as the peritrichs are 
concerned, much of the available information was collected during the 
19th and first half of the 20th centuries and so is qualitative data 
largely restricted to the first three of Corliss' categories i. e. 
morphological, physiological and endoplasmic features. 
In more recent years cortical features as revealed by silver staining 
(Corliss' category 4) have become increasingly important in the taxonomy 
of the peritrichs. Indeed Foissner & Schiffmann (1974) erected a new 
genus, Pseudovorticella, on this basis alone and analysis of the patterns 
formed by the annularly arranged silver impregnatable pellicular 
striations have been of great value in the revision of vorticellid 
opisthonectid, opercularid and astylozooid families. However, the 
complexities of the Chatton-Lwoff and protargol staining techniques have 
proved difficult for many workers and the results are all too variable. 
This has led to the development of various alternatives in the form of 
the rapid silver impregnation technique of Fernandez - Galiano (1976) 
and the relatively simple nigrosin stain of Deroux & Faidy (1966) and 
Borror (1969). 
Of the remaining three categories listed by Corliss (1979), i. e. (5) 
ultrastructural features; (6) biochemical, genetic and other features, 
and(7) ecological features, little of the work done so far has been 
applied specifically to the problems of peritrich taxonomy. Therefore it 
was in these three areas that the present study was concentrated. 
With the development of the SEM an alternative method of documenting 
cortical structures was suggested but, due to the innate contractility of 
the peritrichs, it has not so far been possible to examine normal, extended 
_r- 
cells. Therefore a clear understanding of the contraction process is 
required before the cells can be successfully relaxed. 
B. THE CONTRACTION PROCESS IN rERITrUCH3 
The ability of peritrichs, especially those of the family 
Vorticellidae, to contract when the animal is stimulated is a process 
which has fascinated protozoologists ever since it was first described by 
Leeuwenhoek (1674). Jones (1974)' likened this movement from the 
extended to the contracted state, to a stretched spring returning to 
a tight coil. As this happens the zooid, which itself changes typically 
from a campanulate to a spheroidal shape, is pulled down toward the 
substrate. Therefore, two contractile systems are involved, one for 
the stalk and one for the zooid. 
The organelle responsible for contracting the stalk is the stalk 
myoneme or 'spasmoneme', and figure 1 shows the position of the spasmoneme 
within the stalk of a vorticellid. Amos (1972) has described the 
various stalk structures in detail but briefly it consists of the following; 
1. A Sheath. The sheath is a thin membrane, 30 - 33 nm in thichness, 
which is thrown into folds during contraction. 
2. A Fibrillar matrix. The space between the sheath and the cytoplasm 
is optically colourless but as Aandall and Hopkins (1962) discovered 
in Vorticella, it consists of a dense network of fibrils about 3 nm 
in diameter and up to 3 }Im long. The vast majority of these fibrils 
are arranged longitudinally with respect to the stalk axis. 
3. Bättonets. B&ttonets were first described by Faure - Fremiet (190$) 
who thought they were strengthening structures which ensure that the 
stalk does not collapse but coils helically on contraction. They are 
situated at the periphery of the stalk on the opposite side to the 
spasmoneme. Each b&ttonet measures about 0.2 pm in diameter x 15 pun 
long and is composed of up to 30 fibres with diameters ranging from 
3- 15 nm. 
4. The Cytoplasm. The cytoplasm is bound by a plasma membrane, 7.5 nm 
thick and is situated asymmetrically around the spasmoneme with the 
'Jones A. R. (1974) -6- 
larger portion lying near the centre of the stalk (fig. 1). The 
cytoplasm appears to lack both endoplasmic reticulum and Golgi 
apparatus but it does contain numerous spherical mitochondria. 
Microtubules and structures which superficially resemble basal 
bodies have also been observed randomly distributed in the cytoplasm. 
5. The Spasmoneme. The spasmoneme runs the length of the stalk in a 
left-handed helix. It consists of a mass of filaments and tubules 
which lie parallel to one another and are orientated longitudinal-Ly 
with respect to the axis of the stalk. The filaments are roughly 
2 nm in diameter and about 3 nm apart whereas the tubules are 
38 - 70 nm in diameter and up to 250 nm apart. According to Amos 
(1972) the tubules are linked together to form a continuous network. 
While it has long been known that the spasmoneme is responsible for 
stalk contraction, the site of the contractile elements within the zooid 
is not so obvious. The light microscopists Delage & Herouard (1896) 
reported the presence of fibrillar structures within the zooid which 
they considered to be responsible for its contraction. These structures, 
now known as myonemes, appear as longitudinal and circular myoid fibrils 
situated just below the pellicle. These result, upon contraction, in the 
zooid becoming spherical. At the same time the region bearing the oral 
cilia is completely inverted by contraction of a myoneme which acts like 
a purse-string around the anterior end (Jones, 1974): 
The first evidence that these myonemes are responsible for cellular 
contraction was Engelmann's (1875) observation that Stentor coeruleus 
exhibits a pronounced birefringence when extended and that this bire- 
fringence is lost on contraction -a phenomenon also known to occur in 
mammalian striated muscle. The earliest record of a similar loss of 
birefringence among peritrichs was that of Schmidt (1940) for 
Carchesium polypinum. However, it was not until the advent of the trans- 
mission electron microscope (TEM) that Kristensen, Nielsen & riostgaard 
(1974) were able to show conclusively that this loss of birefringence 
is directly attributable to a change in the structure of the myonemes, thus 
(Jones A. R. (1974) 
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confirming that these elements are responsible for contraction. 
TEM has extended our knowledge of many aspects of ciliatology, 
and in their classic ultrastructural study of Stentor coe leas Huang & 
Pitelka (1973) noted that there are two cortical fibre systems, the 
myonemes and the Km fibres. The Km fribres are composed of parallel 
microtubules which move by sliding over one another. The force for this 
sliding mechanism is generated by the breakdown and formation of intertube 
bridges, so there is no change in the dimensions of individual microtubules. 
By contrast, activation of the myonemes results in an actual shortening 
of the filaments, and this in turn leads to a distinct alteration in 
their ultrastructure. Huang & Pitelka (1973) proposed that these two 
systems act antagonistically to one another with the Km fibres being 
responsible for cell extension, and the myonemes cell contraction. 
In recent years, attempts have been made to measure the contractile 
rate of the peritrich stalk and the first estimates of Ueda (1954) and 
Sugi (1960) for Carchesium gave a latent period of 1-4 msec followed 
by a contraction phase lasting 7- 20 msec. However, by using high speed 
cinematography, Jones, Jahn & Fonseca (1970) were able to make these 
measurements more accurately, and found that the total contraction time 
for two species of Vorticella L. difficilis and V. campanula) is only 
5 ursec. The very high speed of this contraction has been put into 
perspective by ioutledge and Amos (1977) who pointed out that it is nearly 
eight times as fast as one of the most rapid mammalian contractions, 
that of mouse finger muscle (22 cell lengths sec-1 for mouse finger muscle 
against 170 cell lengths sec-1 for Vorticella). 
In contrast to contraction, the extension phase in peritrichs is 
very slow taking several seconds or even minutes to complete (Jones & 
Morley, 1969). It involves two processes, the first being the relaxation 
of the myonemes and the second, the restoration of original shape which 
is brought about by the antagonists to the myonemes. In peritrich stalks, 
the antagonists of the spasmoneme are the fibrils and tubules of the 
annulus, and perhaps the sheath and turgidity of the stalk (Jones, 1974). 
'Jones A. R. (19741 
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-These observations suggest that the cycle of contraction and relaxation 
probably operates on a different principle to the actin-myosin based 
movements of mammalian cells and this has prompted several workers 
using a variety of biochemical and electron microscopical techniques 
to discover how it is achieved. 
The first clue in the elucidation of the peritrich contraction 
process came when Levine (1956) reported that calcium, and apparently 
also magnesium and manganese, could induce contraction in glycerinated 
Vorticella stalks. He also found that contraction could be reversed by 
the calcium chelating agent EDTA (ethylene diamine tetra-acetic acid) 
and, most significantly, that the contraction process does not require 
ATP. Meanwhile Hoffmann-Berling (1958), also working on glycerinated 
Vorticella stalks, found that ATr actually induces relaxation and 
furthermore, that the rhythm of the contraction/relaxation cycle may be 
disrupted by the addition of ATr Inhibitors. As a result of these 
observations, it was concluded that contraction is a passive Cam-dependent 
reaction while relaxation requires the active removal of calcium ions 
by means of an ATi driven pump (Hoffmann-Berling, 1958). 
Subsequently the findings of other workers such as Sotelo & Trujillo- 
Cenöz (1959), Townes & Brown (1965), Jones (1966) and Weis-Fogh & Amos 
(1972) have tended to confirm this model as being correct. Conclusive 
proof was offered by Routledge et al (1975) who, using the very large 
spasmoneme of Zoothamnium geniculatum, were able to insert an electron 
probe and measure levels of unbound Cam in vivo. Their results showed 
that the spasmoneme does indeed contain a significantly higher concentration 
of Ca++ when contracted than it does when extended. routledge & Amos (1977) 
went on to analyse entire spasmonemes using SDS-polyacrilamide gel 
electrophoresis. They found that 60% of the stainable material is 
represented by a single protein band with a molecular weight of 20,000 while 
most of the remaining proteins have molecular weights greater than 100,000. 
They called this major protein "spasmin". aoutledge et al (1975) also noted 
that there is a complete absence of both actin and myosin in the spasmoneme 
confirming that the peritrich contraction is distinctly different from 
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other motile systems. Extensive TEM studies have also been made in 
order to elucidate the actual mechanims of the contractile response at 
the sub-cellular level (Amos, 1971 & 1972; Allen, 1973a & b) and as a 
result of these and other closely related studies(see Stebbings & Hyams 
1979) our understanding of peritrich contraction has increased considerably. 
It is now known that when relaxed, the myoneme is composed of 
bundles of filaments each measuring 3-5 nm in diameter. These 
filaments consists of linear aggregations of spasmin molecules and 
this linnear arrangement is thought to be due to the mutual repulsion 
of excess negative change on its surface (. ioutledge & Amos, 1977). In 
association with the filaments is a system of membrane bound tubules 
and saccules which act as reservoirs for the calcium ions. The 
saccules appear to be continuous with the endoplasmic reticulum (Li). 
The entire system is interconnected by means of specialised structures 
called 'linkage complexes' (Allen, 1973b) which are thought to play an 
important role in controlling the movement of (; a 
++ between the ., the 
saccules, tubules and the myoneme filaments. Linkage complexes are also 
found connecting the alveoli with the in associated with the pellicle, 
and it has been suggested that they are responsible for the transmission 
of stimuli from the zooid surface to the myonemes. As a result of these 
studies we now have some idea of how the entire process of contraction 
operates and this may be surmised as follows. 
It begins with a stimulus which causes the release of stored 
calcium ions from the saccules and tubules and they pass via the linkage 
complexes to the filaments of the myonemes. Here, the Ca ++ is bound to 
the spasmin protein molecules neutralising the excess negative charges so 
allowing them to fold or coil. This results in a shortening of the 
filaments and an increase in their diameter from 3-5 nm to about 10 - 
12 nm. Extension following contraction is controlled by a Arg+-dependent 
ATP pump which removes the calcium ions from the spasmin molecules 
allowing them to extend and become realigned. 
In the past, several workers, e. g. Levine (1956), Hoffmann-Berling 
(1958), Hobbs & Lang (1964) and depak & Cribbins (1966) have succeeded in 
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preventing stalk contraction in peritrichs. The methods they employed 
usually involved either (i) the use of calcium chelating agents to reduce 
the amount of Cam available to the spasmoneme or (ii) narcotic compounds 
which prevent the contractile elements from functioning normally. However, 
in all of these cases the zooid remained contractile, and despite the fact 
that nearly all of the taxonomically important features are located either 
in or on the zooid no method has been developed for its routine relaxation. 
Therefore, it was considered of prime importance to develop such a 
technique in order that the surface structures con be studied on fully 
extended and undistorted zooids. 
C. THE ECOLOGY OF THE PERITr3ICHS 
Peritrichs have become adapted to a wide range of habitats and 
several freshwater species can even tolerate dilute saline milieu. 
Sedentary forms are abundant in marine, brackish and freshwater habitats 
attaching to a wide variety of available substrata, plant, animal and 
inanimate. Yet despite their ubiquity, our knowledge of the ecology of 
the peritrichs is largely fragmentary and frequently the result of 
unsubstantiated observations. This is because the early protozoan 
ecologists such as Kolkwitz & Marsson (1909), Noland (1925), gang (1928) 
and Lackey (1938a) tended to study all groups of protozoa and it was not 
until the 1950's that workers such as Hammann (1953) and Kralik (1958) 
turned their interest specifically towards the peritrichs. In the 1960's 
Hartmund Bick in Germany and Colin Curds in England focused attention on 
the popixlation dynamics of ciliates, particularly those involved in decay 
processes and sewage treatment. Peritrichs were found to play an important 
role in both. Meanwhile, other workers such as Finley & McLaughlin (1963), 
KlAsters (1974) and Pätsch (1974) continued to investigate the ecology of 
peritrichs in natural environments. 
The periphyton community, to which the peritrichs belong, is often 
extremely complicated with numerous interactions occurring between the 
constituent organisms. However, few studies have been conducted specifically 
-11- 
on the effects that these may have on the peritrich population. In 
their study of the colonisation of a submerged substrate, Cairns & 
Yongue (1968) found nothing other than a random distribution of 
species and individuals. Therefore the only information available on 
interactions such as these come from casual observations such as that 
of Lackey (1938a) who, in his study of the äcioto Giver, Ohio, U. S. A., 
noted that two peritrich species, Vorticella campanula and V. convallaria 
were always found together in the same samples. As a result he suggested 
that there may be some form of interspecific relation between them 
although he did not speculate as to the n tu. 'e of this association. In 
a further study, Cairns, Dickson & Yongue (1971) found that it is only 
with the establishment of an equilibrium of s,, ecies number that interactive 
processes such as competition and predation take , recedence in determining 
the biotic composition of the substrate. Due to the complexity of the 
situation, it is apparent that more detailed studies are required before 
any conclusion can be made on the extent to which these interspecific 
relationships affect the distribution of peritrichs. 
Intraspecific factors such as growth patterns and cyst formation 
may also be highly significant. For example, it has long been known 
that some species of Vorticella typically form pseudocolonies while 
others are solitary by nature (Kent, 1880 - 1882). spoon (1974) has 
suggested that the formation of yseudocolonies may provide survival 
value by enhancing feeding efficiency, surface dominance, conjugation 
and predator avoidance. If this is found to be the case then these 
organisms, along with their colonial counterparts, would appear to be 
better adapted to their environment than the solitary and loricate 
species. Similarly, cyst formation is probably an important adaptation 
for survival since these structures are resistant to adverse conditions 
such as drying, ultra violet irradiation and extremes of temperature and 
-12- 
pressure (Corliss & Esser, 1974) so species that readily encyst would be 
able to recolonise the environment rapidly when conditions once again 
became favourable. Also, on any random sample, species which have a 
regular cyst stage during their life cycle may appear to be absent from 
the environment if the cysts only are recovered. So for an accurate 
determination, regular samples should be taken at different times of the 
year. 
There has been much debate over the extent to which the various 
physical, chemical and biological factors affect peritrich distribution. 
Food availability in the form of bacterial density is frequently cited 
as the single most important factor in protozoan ecology (Noland, 1925; 
Finley & McLaughlin, 1963; Sudo & Aiba, 1971) although this view has not 
been universally accepted. For example lackey (1938a) was of the 
opinion that food is only a controlling factor among highly selective 
feeders. and for the majority of protozoa food source is non-selective and 
non-restrictive. Since then, studies by Curds & Vandyke (1966) and Small 
(1973) have shown that peritrichs are indeed highly selective feeders, 
with many strains of bacteria proving to be unfavourable or even toxic. 
The effects of seasonal physi^o-chemical variation on the distribution 
of ciliates have been studied on many occassions (Noland, 1925; Wang, 1928; 
Lackey, 1938a; Stout, 1956; Küsters, 1974) and it is apparent that these 
changes, either directly or indirectly, affect both the density and 
diversity of the species present. Temperature is the most obvious of the 
seasonally variable factors and the distributions of most peritrich species 
appear to be related to this, with maximum abundances occurring in the 
summer when the temperatures are highest. Stout (1956) and aybourn & 
Stewart (1974) attributed this to the direct effect of the raised 
temperature increasing the metabolic rate and so shortening the generation 
time. On the other hand, Wang (1928) and ; iichards (1929) have both argued 
that it is the amount of sunlight which is of primary importance in 
determining the division rate among ciliates while temperature plays 
only a secondary role. If so, then the main effects of temperature on the 
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peritrich population may be indirect by stimulating the growth of bacterial 
food organisms and predators. 
Concentrations of dissolved 02 and CO2 are also known to have a 
significant influence on peritrich numbers (Noland, 1925) and these are 
affected by seasonal variations in other factors such as plant activity 
and temperature. Finley & Mciaughlin (1963) found that total peritrich 
counts correlated closely with changing levels of dissolved 02, while 
Stout (1956) reported sessile ciliates to be more sensitive to high C02 
concentrations. As he was unable to establish any correlation between 
levels of 02 and C02, Stout (1956) concluded that "CO2 dissolved in the 
water is primary adverse factor and chief determining factor to 
distinguish pollution from non-pollution species (of ciliates)". 
Among the other physical parameters affecting peritrich distribution 
are depth and flow rate, both of which may be subject to seasonal fluctuations 
with the deepest and fastest flowing conditions generally occurring in 
the winter months. The distribution of peritrichs at different depths 
has been most extensively studied in lotic waters such as lakes (Cairns & 
Yongue, 1974) and reservoirs (Slädeckovä, 1963). These investigations 
have shown that the major variations in the peritrich fauna occur either 
side of the thermocline, i. e. at a depth of 6- 10 m, with no distinct 
variations occurring within either the hypolimnion or the epilimnion. 
From this it was concluded that the influence of depth itself is probably 
secondary to the changes in sunlight and temperature which occur below 
the surface. Conversly depth does appear to be of significance in lentic 
waters and both Hamann (1953) and Bereczky of (1981) have shown that over 
the range 0-2 50 cm distinct changes in the peritrich community occur. 
Flow rate is also thought to influence the species present and 
Zimmerman (1961) showed that Vorticella spp. grow best at rapid flow 
rates (25 cm sec-1 of sewage) whereas Carchesium polypinum prefers a 
slower rate (15 cm sec 
1). Cairns & Yongue (1968) reported the overall 
optimum flow rate for protozoa colonising a substrate to be 31.1 cm sec-1 
and they concluded that this probably constitutes a balance between one 
too high for the establishment of predators and one too low to bring 
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sufficient nutrients. 
The degree to which pH effects the distribution of ciliates has been 
the subject of some difference of opinion. Noland (1925) and Lackey (1938a) 
expressed doubt that pH had any significant direct effect on the distribution 
of ciliates in their natural environment whereas Skadowsky (1923), Wang 
(1928) and Darby (1929) have all cited examples of species which are 
effected. However perhaps the most important observation was made by 
Yongue & Cairns (1971) who monitored the protozoan communities attached 
to polyurethene sponges immersed in environments of different acidity. Once 
the communities had reached equilibrium, the sponges were collected and 
the pH of the water they contained measured. It was found that whatever 
the acidity of the surrounding water, the pH of the water in the sponge 
invariably tended towards neutral and from this, it was concluded that 
the organisms of the microbial community may have the capability of 
modifying the acidity of the microhabitat for their mutual benefit. Bick 
& Drew (1973) have indicated the situation may be further complicated 
by the indirect effects which pH has on other factors such as the number 
of bacteria present; 
Of the various chemicals to have been investigated, most interest 
has been focused on the effects of mercuric chloride (Burbanck & Spoon, 
1967), DDT (Burbanck & Biddle, 1973) and the heavy metal ions, zinc 
(Cairns & Dickson, 1970; Sartory & Lloyd, 1976), copper (Cairns & 
Dickson, 1970; Burbanck & Biddle, 1973), mercury (Sartory & Lloyd, 1976; 
Burbanck & Biddle, 1973) and chromium (Burbanok & Biddle, 1973). Most of these 
studies were made to establish the maximum concentrations at which various 
peritrich species can survive so they may then be used as pollution 
indicators. However, the situation is far from simple as indicated by 
Burbanck & Biddle (1973) who showed that organisms grown in high nutrient 
cultures may be up to ten times more resistant to the toxic effects of heavy 
ions than. organisms of the same species grown in low nutrient cultures. 
They concluded that for information of this type to be of any practical 
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value, experimental conditions must be strictly controlled and reported 
in detail. 
During the present study, a complete survey of a river was 
undertaken in an attempt to gain a better understanding of the ecology 
of the peritrichs. For this, the numbers of each species of peritrich 
present at different locations down the length of the river were recorded 
at regular intervals for the duration of a calender year. At the same 
time, various physical and chemical parameters were also monitored and, 
as a result, it was hoped to identify the main factors affecting the 
distribution of peritrichs. 
D. SAMPLING METHODS FOH PEýiITRICHS 
One of the basic problems in any ecological study is to establish a 
suitable sampling technique. There are several methods of collecting 
ciliates from their natural environment and these differ according to 
both the habitat being sampled (i. e. soil, interstitial sand, 'aufwuchs', 
pelagic, etc. ) and the type of ciliate required. Peritrichs of the 
sub-order Sessilina usually grow attached to a variety of submerged substrates 
forming part of the periphyton community. The periphyton includes only 
those organisms which firmly attach to a substrate as opposed to the 'aufwuchs' 
which refers to all organisms closely associated with, but not necessarily 
attached to, the substrate (Buttner, 1953). One of the oldest methods of 
sampling the periphyton is to collect water containing twigs, leaves, algae 
and detritus with these organisms attached. The main advantage of this 
simple method is that the whole range of the periphyton community, 
including those organisms with a strong predilection for a specific 
substrate, may be collected. 
Srämek-Huek (1946) was able to define five distinct types of 
periphyton; epiphyton, epizoon, epixylon, epilithon and epiholon, according 
to the substrate to which they are attached i. e. plants, animals, wood, 
rock and "various", respectively. However, simply collecting these 
different types of natural substrata with their attached communities 
has two main disadvantages. First, unless the substrate is either 
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transparent or translucent, epilumination is required and as Spoon 
(1979) indicated this is not very useful in the identification of 
aufwuchs organisms. The second disadvantage involves the 
difficulty 
in making quantitative analyses of communities attached to natural 
substrata. A rare example where these problems have been overcome 
is the case of the epiphyton attached to submerged -Leaves. 
By 
peeling away a sufficiently thin layer of the leaf, the substrate is 
rendered transparent so the attached community may be examined and 
enumerated directly using normal bright field microscopy (iiehbronn, 
1937). In the vast majority of cases though,, it is necessary to 
remove the attached organisms prior to examination. This is often 
quite difficult and is usually achieved by either; 1. mechanically, 
by scraping, brushing, grinding or squeezing the substrate depending on 
its nature (Sräde6kovä, 1962); 2. by suction, for example using 
; lo land's (1925) ciliate sampling apparatus; 3. by fixing and staining 
the whole community while it is still attached, then mount in a 
colloidal solution and when this has set, peel off and examine 
(Q, uispel, 1938). 
The main disadvantage of the third method is that identification 
of fixed organisms is frequently difficult and sometimes impossible 
especially among the highly contractile peritrichs and in view of this 
Noland & Finley (1931) recommended that whenever )ossible, only freshly 
collected, viable organisms should be used for identification purposes. 
On the other hand, while the first two methods above enable living 
organisms to be examined, a comparison of the aufwuchs community before 
and after removal shows distinct differences between the two. Spoon 
(1979) attributed this anomoly to the dispersal, damage and death of 
certain species on being detached. Furthermore, Cairns (1965) noted that 
different organisms may vary in the ease with which they can be removed so 
there is an increased chance of detecting those which are relatively easy 
to remove as opposed to those which are more difficult. Quantitative 
analysis of the periphyton attached to natural substrates often requires 
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specialised techniques, and these have been comprehensively reviewed 
by Slädeckovä (1962) and more recently by Weitzel (1979). 
Because of the many difficulties involved in using natural 
substrates, a wide range of artificial substrates have been utilised 
for the collection of periphyton organisms. These have been comprehensively 
reviewed by Slade6kovä (1962) and Cairns (1982) and include concrete, 
asbestos, eternite (asbestos-cement), sheet metals, celluloid and 
polyurethene. However, since all of these are opaque, the periphyton 
still has to be removed before it can be examined. In the light of this, 
Slädeckovä (1962) concluded that "where the exact determination of these 
organisms is needed, the only practicable substrates are those made of 
glass or transparent plastic. Periphyton attached to these can be observed 
in its natural position directly under the microscope and in an undamaged 
state". 
The use of glass slides as a method of sampling was introduced into 
protozoological research by Moebius (1883) who found it an effective 
means of obtaining sessile protozoa and Hentschel (1916) was the first to 
use glass slides for both qualitative and quantitative determinations. 
Since then, the glass slide method has been employed on numerous 
occasions and many modifications have been made in accordance with the 
purpose of the study and the nature of the environment, One modification, 
suggested by Jones (1974)1, involves placing the slides within a perforated 
box in order to exclude the largest predators. Another, introduced by 
Small & Etanganathan (1970) utilised glass cover slips instead of slides. 
These were found to support a luxurient growth of aufwuchs organisms 
and have the additional advantage of allowing direct processing for Sk M 
examination. Both of these methods were employed in this study. 
Spoon & Burbanck (1967) recommended the use of plastic petri dishes 
for the collection of sessile ciliates and described a method in which the 
dishes are attached to a stake and immersed in the water in an inverted 
position. This allows the inside of the dish to be colonised by the ciliates 
while any sediment collecting on this surface is kept to a minimum. They 
Jones E. E. (1974) 
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also listed several practical and technical advantages that this 
technique has over the various glass slide methods, the main one being 
that a tight-fitting lid can be placed on while the dish is still 
in 
position. This enables the enclosed community to be transferred back 
to the laboratory without being disturbed, and the periphyton attached 
to the bottom of the dish may be examined while totally immersed in its 
natural surroundings. Quantitative analysis is achieved by placing a 
grid under the dish and recording the number of organisms within an 
approporiate area. By repeated examination after various lengths of 
immersion, Burbanck & Spoon (1967) used this method to study colonisation 
patterns and conducted various behavioural and ecological experiments on 
the aufwuchs. For comparative purposes, the plastic petri dish method was 
also employed in the present study. 
As well as the type of substrate used, the observed periphyton 
community may be influenced by its position in the water (S 1ädeckovä, 1962) 
Three basic positions are possible, vertical, horizontal and oblique but 
in most cases cited in the literature, only the first two are. used. A 
single study has been made on the effect of subtrates placed at different 
angles and this was Pomerat & Reiner's (1942) investigation of the 
settlement of invertebrate larvae on marine foulers. In her studies on 
artificial reservoirs Slädeckovä (1960a & 1960b) examined the effect of 
glass slide orientation on the type and quantity of periphyton obtained 
and found that the periphyton generally developed more slowly on vertical 
surfaces than on those in a horizontal position. Also, the upper surface 
of the horizontally placed slides tended to collect the greatest 
abundance of seston organisms while many of the true periphyton organisms, 
such as Zoothamnium,. appeared to have a strong r. redilection for the 
'hanging' position offered by the lower surface. From this, it was 
concluded that in clean water environments or during the winter months, 
artificial substrates should be placed in a horizontal position whereas 
in polluted or turbid waters where large blooms may occur, then the 
vertical position is preferable (S lädeckovä, 1962). 
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Once the type and position of the substrate has been chosen, the 
time allowed for colonisation to occur must be established. The duration 
of exposure is dependent on many factors, the principal one being the 
colonisation rate. Marshall (1976) stated that the surface of any 
submerged object constitutes a solid-liquid interface and the development 
of a microbial slime film at this interface is inevitable. He described 
this as a successional process typically involving the following sequence 
of events: 
0- 12 hours adsorption of organic matter onto the surface 
forming a layer about 100 nm thick after 12 
hours. This forms as a result of electrostatic 
attraction. 
12 - 24 hours microbial film develops in response to the 
nutrients concentrated at the solid-liquid 
interface, usually heterotrophic bacteria of 
the cocco-bacillus type are predominant. 
24 - 36 hours development of colonial bacteria which often 
produce a mucilagenous material acting as an 
anchor for themselves and other organisms. 
48 hours diatoms and protozoa appear. 
It should be noted that the times above were only given as a 
general guideline and may be highly variable depending on factors such 
as flow rate, temperature and eutrophication. Both Cairns (1971) and 
A. ýre (1977) found that after an initial period of colonisation by the 
jprotozoa, there is an increase in the number of individuals (species 
density) but no marked increase in the number of different species present 
(species diversity) and they attributed this to the multiplication and 
recolonisation of existing organisms on the substrate. This pattern of 
colonisation and recolonisation then continues until eventually an 
equilibrium is established, by which time various larger animals such as 
coelenterates, platyhelminths, invertebrate larvae and small gastropods 
may also be present. Therefore, the optium exposure time will vary 
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depending on environmental conditions and the purpose of the study. The 
use of artificial substrates has now become almost routine for the study 
of aeritrichs in most habitats and with the choice of sampling methods 
now available, pilot studies must be made in order to 
decide the substrate 
type, position and exposure time which gives the best results. 
E. ECONOMIU IMYO: IANCQ OF Y iU. `T'itiCHS 
Important problems concern both the usefulness and harmfulness of 
periphyton organisms in general, and peritrichs in Aaxticular, to several 
industries especially those involved with water treatment, sewage disposal 
and fisheries. In the water industry for example, the attached organisms 
in the surface film of slow sand filters are essential to the purification 
process and the peritrichs play an important role in the removal of 
suspended bacteria (Lloyd, 1974). On the other hand, problems may arise 
as a result of undesirable growths of periphyton, especially iron-bacteria, 
on the walls of reservoirs, tanks and pipes (Slkeckovä, 1962). 
In the sewage industry, periphyton organisms have several important 
functions, especially in the biological treatment processes such as 
trickling filters and activated-sludge plants. Like the slow sand filters, 
both have resident peritrich communities which serve to remove large 
numbers of suspended bacteria, giving a relatively clear effluent. 
Furthermore, Curds & Cockburn (1970) reported that in activated-sludge 
plants, the composition of the peritrich community may reflect its 
overall health and efficiency. Similarly, in trickling filters it has 
been shown that the qualitative composition of the surface slime is 
indicative of the stage of the purification process. By analysing the 
qualitative composition and quantity of periphyton growing on the walls 
of clarifiers and other parts of the second stage of purification as well 
as in effluent channels, it is possible to detect either the success or 
failure of the biological treatment. Unusually luxurient slime growths 
are generally caused by some change for the worse and must be suppressed 
especially in sewers where they can cause complete blockage (Beardsley, 1949), 
Problems caused by peritrichs may also be of importance to fisheries 
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and other related industries, since they are known to occur as ectomensals 
or even as endosymbionts in association with a number of different marine 
and freshwater hosts, ranging from other protozoa and coelenterates to 
fish and amphibians. In some circumstances, heavy trichodinid populations 
on the gills of certain fishes have been known to contribute to the 
ultimate death of the host (Corliss, 1979). 
Periphyton organisms in general may cause a variety of other 'special' 
problems for example in cooling towers, circuits, condensers, irrigation 
tunnels and by the 'fouling' of submerged constructions and ship bottoms 
(for review, see Slädeckova, 1962). In marine biology especially, this 
last problem is one of the most studied and best known. However, potentially 
the most important role of the peritrichs is their use as indicators of 
water quality and for the detection of pollution. 
F. USE OF P RITiiICHS AS PCLLWION INDICATOrtS 
Pollution has been defined as "the appearance of some environmental 
quality to which the exposed community has an inadequate response" 
(Cairns & Lanzia, 1971), or "something that is present in the wrong place, 
at the wrong time, in the wrong quantity" (Hellawell, 1978). The 
pollutant itself may come in a variety of forms ranging from low levels 
of organic material to highly toxic inorganic substances. Avers are 
particularly at risk to the effects of pollution since they have traditionally 
served as a means of transporting the wastes of human societies, and 
nowadays, many of our rivers are polluted to some extent with either 
domestic or industrial effluents (Hellawell, 1978). In the case of an 
organically polluted river, a sequence of changes, both chemical and 
biological, occurs downstream of the pollution source and. figure 2 shows 
an example of what typically may be observed. 
In the past, the most common methods of monitoring and estimating 
levels of water pollution have employed chemical analyses but some workers 
(Fjerdingstaad, 1950; Hynes, 1966) are of the opinion that since the main 
effects of pollution are biological, the problem should be studied from a 
biological standpoint. Indeed, in his study of the River Mollaea in 
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Figure 2. Diagrammatic presentation of the effects of an organic 
effluent on a river and the changes as one passes downstream from the 
outfall. A&B physical and chemical changes, U changes in micro- 
organisms, D changes in larger animals (from Hynes, 1966). 
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Denmark, Fjerdingstaad (1950) cited an example where the standard chemical 
tests such as BOD5 and KNn04 oxygen absorption gave misleading results at 
certain times of the year as a result of increased phytoplanktonic activity. 
The first biological water analysis of any significance was that of 
Cohn (1853) who made extensive microscopical studies of the microflora 
of the drinking water taken from wells during the cholera epidemics in 
Breslav. It was not until forty five years later that Mez (1898) introduced 
the first comprehensive scheme for the biological analysis of water by 
microscopy and since then, several workers including Kolkwitz & Ma. rsson 
(1909), Brinley (1942), Patrick (1949) and Slkecek & Slä. deckovä (1963) 
have developed methods for the routine biological assay of water quality. 
According to Patrick (1949), the ability of biological indicators 
(i. e. indicator organisms) to reflect levels of pollution are based on 
two assumptions. Firstly, that under normal conditions, a relatively large 
number of species representing various taxonomic groups should be present, 
and secondly, that a -, ýollutant would eliminate many of these species 
leaving only a few which would survive, and these would then be able to 
multiply due to the lack of competition. Therefore, suitable indicator 
species should be tolerant of a wide range of conditions and so be present 
in many different environments, but should only occur in large numbers in 
a narrow band of the sewage energy spectrum. Many plants and animals 
have been suggested as possible candidates to fulfil the role of pollution 
indicators and some multiple schemes have been proposed in which several 
types are incorporated in a single system. Examples of these were given 
by Brinley (1942), where algae, protozoa and fish are all monitored, and 
Patrick (1949), where both higher plants and animals were included. 
However, the use of higher plants and animals has been criticised by 
Liebmann (1942) who was of the opinion that organisms with the least 
complicated structure and greatest relative surface area (i. e. smallest 
size) generally react quickest to changes in the chemical content of the 
water. In the light of this, Fjerdingstaad (1950) proposed a system 
which utilised only microorganisms and since then, microbial-based 
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schemes have competed with the more commonly used macroinvertebrate 
schemes as the principal method of biologically monitoring water quality. 
A number of workers have suggested that protozoa may be suitable 
indicators of environmental conditions. Noland (1925) said of the 
protozoa that "there are few organisms that come into closer contact with 
their surroundings"; Bamforth*refered to planktonic organisms as living 
"perilously close to minimal conditions and slight environmental changes 
can promote rapid growth, reduction or subsidence of populations"; and 
Burbanck & Spoon (1967) stated that "both phytoplankton and protozoa a ýcýu e 
i. u racellular organisms which would be among the first to be affected by 
contamination of an aquatic ecosystem since they have only a plasma 
membrane and a permeable outer covering between their living cytoplasm and 
their environment". Burbanck & Spoon (1967) went on to list four 
prerequisites that should be considered in deciding which of the protozoa 
are best suited as indicator organisms. These are (1) they should be 
sessile if observations are to be made continually, (2) they should 
exhibit complex behaviour, (3) they should tolerate a wide range of 
physico-chemical conditions and so have a cosmopolitan distribution yet 
be sensitive to chemical changes in the environment, (4) they should be 
relatively easy to collect and examine. It was concluded that the 
peritrichs satisfy each of these requirements in that (1) all members of 
the sub-order Sessilina are by definition sessile (Kahl, 1933). (2) The 
ciliates in general, and members of the Vorticellidae in particular, have 
a high degree of behavioural development (Jennings, 1906). (3) They are 
able to tolerate a wide range of physico-chemical conditions (Noland, 1925; 
Hammann 1952; Nusch, 1970; Bick, 1972). (4) Yeritrichs may easily be 
collected on a variety of substrates and Mohr (1953) has suggested. that 
the yield of indicator species may actually be increased by employing 
certain types of sampling device. Also, Släde6ek et al. (165) noted that the 
periphyton community can adapt to short term changes in conditions so 
its composition tends to reflect long term environmental trends. This 
observation was confirmed experimentally by Burbanck & Spoon (1967) 
*(1958) 
-25- 
who found that the periphyton attached to plastic petri dishes remained 
apparently unaffected for up to three hours when the original pond 
water was replaced by water taken from several different environments. 
Furthermore, reid (1967) reported that the relative vigour of the 
peiitrichs reflects current bacterial activity while a high species 
diversity may be indicative of past bacterial activity. 
The responsive nature of certain peritrichs to organic pollution 
has long been recognised and in 1909, Kolkwitz & Kiarsson introduced a 
system for establishing the degree of pollution by using the Vorticella 
speit s present. They called this the 'saprobic system' and the 
intensity of decomposition or 'saprobity' was divided into four saprobic 
levels each of which may be recognised by the species of Vorticella 
which predominates. A summary of this system is shown in table I. 
Table 1. A summary of the saprobic system introduced by 
Kolkwitz & Marsson (1909). 
I Saprobic level I Typified by Indicator speciesI 
Polysaprobic Highly polluted water with 
high organic content, low 
dissolved. 02 and high 
bacterial counts. 
a-mesosaprobic Polluted water with some 
oxidation of organics, amino 
acids from protein breakdown 
moderate dissolved 02 and 
numerous bacteria. 
ß-mesosaprobic Less polluted, higher dissolved 
02, reduced bacterial counts 
Ammonia compounds often present. 
Oligosa; probic Clear, unpolluted water with 
high dissolved 02 and low 
bacterial counts. 
V. microstoma 
V. putrina 
V. convallaria 
V. campanula 
V. 
-patellina V. citrina 
V. nebulifera 
Siädecet- (1961) expanded the definition of saprobity to ". the 
characteristic of an aquatic biotype which rules the composition and 
development of certain abiotic as well as biotic features", and in 1963 
the same author extended the saprobic system to include industrial wastes, 
ground water analysis. The saprobic system does not lend itself to direct 
numerical estimation and S1£decek (1969) considered this to be its main 
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drawback. 
(e saprobic values themselves are based on the responses of whole 
communities and accurate estimations require the collection of sufficiently 
large quantities of data to be handled statistically. Consequently, 
indirect measures such as the saprobic index (Pantle & Buck, 1955), 
which measures the response of just a few key indicator species, and the 
diversity index (Cook, 1976) were introduced. Like the saprobic values, 
the calculation of diversity indeces requires the presence of large 
numbers of individuals so most attention has been turned towards the 
" 
saprobic index. In a series of papers, Sladecek (1963,1965 & 1966) 
designated several sessile ciliates as saprobic indicators at various 
levels and in 197., Sladecek summarised his findings, listing the 
saprobic sequence of thirty two species of Vorticella. 
Protozoan indicator systems have several possible applications such 
as the monitoring of reservoirs (Sladeckova, 1960a & 1960b) and the 
estimation of activated sludge effluent quality in the sewage treatment 
process (Curds & Cockburn, 1970; Sartory, 1976) but in the majority of 
cases it has been applied to rivers which are at risk to pollution (lackey, 
1938b; Cairns, 1972; Küsters, 1974; Henerby & Cairns, 1982). There are 
several problems inherent in any biological assay, most of which result from 
a lack of data concerning the many complicated interactions that occur in 
the aquatic environment. These include seasonal variations where successions 
of dominance frequently involve single species blooms (Stout, 1956), the 
apparent disappearance of certain species that have a cyst stage in 
their life cycle (Corliss & Esser, 1974), and the sudden increase in 
abundance of various species following conjugation (Hammann, 1953). If 
not fully understood, these natural behavioural patterns could lead to 
misinterpretation of the response of the community to a pollutant. 
Examples where this has already occurred have been cited by several 
workers including Gray (1956), lackey (1938b) and Cairns (1972). In 
his study of a polluted stream Gray (1956) found that the numbers of 
ciliates increased after heavy rainfall, and that these increases were 
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too sudden to be accounted for by reproduction. Since it is known 
that many protozoa inhabit the soil, it was concluded that the rain 
must have washed them into the stream and so given rise to the rapid 
increase in numbers observed. 
Lackey (1938b), while investigating the effects of pollution on 
the Scioto River, Ohio, found many bacteriovous ciliates including 
E pistylis , Opercularia and Vortice lla just below the source of organic 
pollution, generally in keeping with Hynes' model (fig. 2). However, 
the greatest number of Vorticella species, both 'foul' and 'clear' 
water types, were found further downstream where only a slight degree 
of pollution existed. No explanation was offered for this occurance. 
Finally Cairns (1972), in his study of the South River, found that 
initially organic enrichment of unpolluted water resulted in an increase 
of both species diversity and species density. He suggested that this 
was probably due to species which previously had been present in such 
low numbers that they had been missed on sampling but had then become 
sufficiently numerous to be detected. With slightly higher levels of 
organic enrichment, Cairns (1972) noted that the species diversity 
among the ciliates continued to increase while that of the rest of the 
protozoan population decreased. From this, it was concluded that some 
of the main effects of pollution may be indirect - in this case, probably 
serving to remove predators leaving those ciliates which are not 
susceptable to pollution to dominate. Henerby & Cairns (1980) were of 
the opinion that only at very high levels of organic pollution do the 
number of species of all types decrease and so result in large numbers 
of a few indicator species. 
The possible effects of pollution on protozoan river communities 
were surmised by Cairns & Zanzia (1971) as follows; 
1. Reduction in the number of species present. 
2. Increase in abundance of certain species. 
3. Reduction in colonisation rate. 
4. A change in the selective predator or parasite pressure causing an 
-28- 
\ýý 
imbalance. 
5. A shift in dominance from one species to another. 
Furthermore, Bick (1973) reported many indicator species, even 
those of the polysaprobic zone such as V. miciostoma, to be euryeocious 
and he concluded that if they are to be any real value for monitoring 
water quality, they must firstly exhibit a rapid and noticeable 
increase in abundance in the appropriate conditions, and secondly, 
their ecological behaviour in the natural unpolluted environment should 
be fully understood. 
The presenceof toxic compounds, usually from industrial wastes, 
may cause additional variations in the response of the peritrich community. 
With a few notable exceptions such as Spoon & Burbanck (1967), Cairns & 
Dickson (1970) and Sartory & Lloyd (1976), little has been done to 
determine the effects of such substances, and more studies of this type 
are necessary before the peritrichs can be accepted as reliable indicators 
of pollution. Therefore, at the present time, a general lack of 
information concerning all aspects of peritrich ecology, allied to the 
well documented taxonomic difficulties which exist within the group 
(Corliss, 1979) impose severe limitations on their use in the assay of 
water quality. It is hoped that this study will, at least in part, 
contribute towardes overcoming these problems. 
G. AIM OF THE PRESENT STUDY 
In a report by the Joint Committee of the Nordic Natural Science 
Research Council (see NERC report, 1976), it was stated that the primary 
task of taxonomy is the scientific classification of the animal and plant 
kingdoms and research into related fields of evolutionary biology, taking 
advantage of all methods including recent technical and methodological 
advances. The second task is to assist experimental biology, ecology and 
various branches of applied biology with critical identification of specimens 
Thus, there is a broad sub-division into (a) systematics and (b) identificat: 
In 1976, a NERC report on 'The Role of Taxonomy in Ecological Research' 
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listed eight main areas in which there is an urgent need for sound 
taxonomy and, particularly, good identification. These are; 
1. Community dynamics, especially with regard to succession processes. 
2. Indicator species, e. g. of pollution. 
3. Diversity indeces; natural communities are often categorised in 
this way so considerable taxonomic precision is needed. 
4. Little known groups of unknown ecological significance. 
5. Descriptions of under-researched ecosystems. 
6. Ecological variation within species. 
7. Nature conservation; ideally, decisions taken on this subject should 
be based on a full inventory of all the organisms in the site under 
consideration. 
8. Amenity species, e. g. forest trees. 
With the exception of the last category, all of these are applicable 
to the protozoa in general, and 2,4,5, and 6, to the peritrichs in 
particular. Therefore in this study, the ecological aspects of the 
problem of peritrich taxonomy were given full consideration and to this 
end, a detailed study of the peritrich community inhabiting a freshwater 
stream was conducted. In order to examine as wide range oý species as 
possible, a clean, flowing stream of good quality with respect to 
dissolved oxygen, BODS, and other water quality parameters was chosen. 
The River Tillingbourne which runs for approximately 20 Km from Leith 
Hill to Shalford in Surrey was found to satisfy these criteria adequately. 
The resident peritrich community of the Tillingbourne was examined at 
various locations and all species isolated were identified and their 
abundances recorded. By monitoring physico-chemical and biological 
parameters, it was also hoped to discover which, if any, significantly 
affect peritrich distribution. The possible use of peritrichs as 
indicators of water quality was also considered. 
In order to optimise the recovery of a representative range of 
peritrichs, two sampling methods commonly used for collecting periphyton 
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organisms, were employed and the differences in the results obtained 
between the two were critically appraised. The organisms isolated by 
these methods were also used as a source of material for an investigation 
of taxonomically important characters such as pellicular structures and 
loricas, A wide range of techniques were employed in this study including; 
traditional morphological observations; SEM and TEM, for the examination 
of fine detail; EDAX, Geoscan and cytochemical stains, for the precise 
determination of the chemical compounds present in various structures; 
computer methods for the mathematical analysis of body shape. Using the 
results obtained in conjunction with information already available in 
the literature, it was hoped to establish a valid basis for the 
classification of peritrichs and to provide workable identification 
schemes to aid the ecologist. 
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Chapter Two 
Ecology of the Peritrichs of the 
River Tillingbourne 
IMATERIALS AND MH'rH 0 DS 
A. THE RIVER 'fI LLINGBOURNE 
The peritrichs used for the ecological and morphological studies 
were collected from the Aver Tillingbourne in Surrey. The valley of 
the Tillingbourne covers an area of approximately .% 
Km2 and the 
principal stream runs for 20 Km from its source on the northern slope 
of Leith Hill near Coldharbour (National Grid Ref. TQ. 143437) at a 
height of 244 m above sea level, along the foot of the southern slopes 
of the North Downs to the point near Shalford on the southern outskirts 
of Guildford where it flows into the giver Wey (National Grid Ref. 
SU 997482) at a height of 40 m. Along the course of the Tillingbourne 
several villages have provided homes for farmers, herdsmen, foresters 
and other agrarian tradesmen for several hundred years, and more 
recently for shop-keepers, light industry operators and commuters to 
London and other nearby towns. The villages include Wotton, Abinger, 
Gomshall, Shere, Albury, Chilworth and Shalford. Along the stream 
several light industries have been established. Ihose still operating 
include several fish farms, a leather tannery, furniture manufacturer, 
a flour mill and watercress farms, most of them attracted by the volume 
and purity of the Tillingbourne water. Near the confluence with the 
River Wey the Thames Water Authority removes water for domestic use. 
B. GEOLOGY OF THE TI LLINGBOURNE VAL1EY 
The source of the River `! 'illingbourne is on the Hythe Beds of the 
Lower Greensand and drains as area of approximately 28 Km2 which is 
interspersed with local outcrops of Atherfield Clay. Where the sandy 
beds meet the clay, a bog line forms as a result of water percolating 
through the porous sand and being thrown out when it reaches the 
impervious clay. The Hythe Beds consist largely of ferruginous sand, 
soft glauconite sandstone and ironstone but, typical of high sandy 
regions such as this, they are void of lime reslting in an acidic, 
iron-rich, bog-like environment. Like its tributaries at Broadmore 
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and Friday Street, the Tillingbourne has cut a steep sided valley 
through the Hythe Beds and into the Atherfield Clay. The stream 
then runs south for 4 Km towards Wotton Hatch. Just above Wotton, 
alluvium deposits consisting of gravel overlayed by sand and loam, 
first appear. 
Beyond Wotton a continuation of the northerly flow is blocked 
by the north-dipping scarp of the Chalk Downs and the course changes 
to an east-west flow, mainly over Hythe Beds. Along most of this 
stretch of the river there is a steep escarpment to the north, which 
includes the Hackhurst and Albury Downs, and a gentler rise to the 
south (fig. 3). Thus, the main run off of water into the Tillingbourne 
from the south is drainage from the Hythe Beds while from the north, it 
has first to percolate through several layers of chalk and also through 
a layer of Upper Greensand which contains small yet detectable 
quantities of silica, manganese, alluminium and iron perodixes. 
There are two gravel terraces of the 'I'illingbourne. The upper 
terrace, which consists mainly of Upper Greensand, lies at a level 
approxiamtely 3- 15 m above the current river level and can be traced 
from Gomshall to Chilworth. The lower terrace lies about 1m above 
the river level and is readily detectable between Albury and Abinger. 
At several points this lower terrace joins with the alluvial tract 
which forms the actual river bed. 
Between Wotton and Albury the Hythe Beds are structurally weak 
due to the tension caused by the Albury anticline and the stream has 
followed the weakest path. Beyond Albury, these Hythe Beds have become 
more calcereous and hence less resistant. In this region, the river 
has again cut down to the older Atherfield Clay and it is still 
flowing on the Clay at its confluence with the rover Wey at Shalford. 
C. SAMPLING SITES OF THE RIVER TILLINGBOURNE 
Sampling was carried out at six fairly evenly spaced sites along 
the length of the river (fig. 4) and details of each site are given in 
table 2. Sampling site 1 was located at 'darren rlantation about 1 Km 
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from the source. Here the valley is narrow, V-shaped and wooded. 
The immediate area is marshy due to the Atherfield Clay and the stream 
itself is narrow and fairly fast flowing. The stream bed consists 
mainly of course to medium-fine sandstone particles, clay and a 
few 
pieces of chert. 
The second sampling site was at Wotton, approximately 2.5 Km 
downstream from site 1. Above this site the stream runs through 
woodland and several private properties. In the grounds of these 
houses 
the stream has been artificially widened to produce a series of fish 
ponds separated by weirs. Thereafter, it flows onto more open, mainly 
pastural farmland. At Wotton, the stream runs over Hythe Beds and the 
valley has broadened. The stream bed consists of small or medium size 
pebbles with some larger angular peices of flint and sandstone. 
Sampling site 3, at Abinger, lies in a much broader valley some 
7.5 Km from the source. Between Wotton and Abinger there are water- 
cress beds and livestock are grazed in fields on either side. Here the 
river flows fairly quickly and runs over Hythe Beds on a substrate of 
small pebbles, gravel and sand. 
Site 4 was located 1.5 Km below Abinger at Gomshall, just down- 
stream of a tannery. The river bed consists mainly of sand, gravel, 
flint and chalk which have probably entered through drain pipes carrying 
run-off from the chalk scarp to the north. The river flows quite fast 
here and undercutting has occured on the outer side of a sharp bend 
while deposition has taken place on the inner side. 
Sampling site 5 was located at Albury, 11.5 Km from the source and 
here the Tillingbourne meanders through a wider valley in which there is 
mixed farming. The flow As considerably slower than at the previous 
site. Again, the river has cut down to the Atherfield Clay and the 
river bed consists of very fine dark sand and clay. 
Beyond Albury, the Tillingbourne continues to meander through a 
wide flat valley which becomes increasingly residential. The last 
sampling site, site 6, was located at Shalford just before the confluence 
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Plate 1 
Plate 1 
Sampling the River Tillinnbourne at Vlarren Plantation (site 1) 
Plate 2 
Plate 2 
The River Tillincibourne at Shalford (site 6) 
with the river Wey and some 20 Km down-stream from the source. An 
estimated 72,000 m3 of water per day pass along at this point of which 
18,000 m3 per day is taken out by the Thames Water Authority and 
treated for use in the towns of Godalming and Guildford. The river 
bed consists of fine clay particles. 
D. MEASUREMENT OF PHYSICAL, CHEMICAL AND BIOLOGICAL PARAMETERS 
Since the River Tillingbourne flows through a variety of different 
geological and geographical regions, variations in a number of physical, 
chemical and biological occur down its length. Several of these were 
monitored at weekly intervals throughout the period of study. These 
included the following; 
i. Total Numbers of Viable Bacteria 
Total numbers of viable bacteria present in the river water were 
estimated by making colony counts from casein-peptone-starch (CPS) agar 
spread plates after the method of Collins and Willoughby (1962). Mid- 
stream water samples (20 ml) from each site were collected using sterile 
plastic sampling bottles (STERZ LIN, Teddington, Middx. ). Each was then 
placed in a large container of river water taken from the same site to 
ensure that the physical conditions of the samples were kept constant 
during transportation back to the laboratory. 
Suitable dilutions of the samples were made in sterile distilled 
water and 0.1 ml of each was dispensed on to the surface of a Ck agar 
plate*. This aliquot was then spread over the agar surface with a 
sterile glass spreader. The plates were incubated aerobically at 25°C. 
After 14 days colony counts were made and numbers of viable bacteria 
per unit volume calculated. 
* Casein-peptone-starch agar (Collins and Willoughby, 1962). 
So1uOble casein (BDH) 0.5 g 
Bacto-peptone (BDH) 0.5 g 
Soluicble starch (BDH) 0.5 g 
K2 HPO4 0.2 g 
Mg. SO4.7H20 0.05 g 
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FeC13 4 drops of a 0.01 % (w/v) solution 
Agar no. 3 (Oxoid) 15.0 g 
Glycerol 1.0 ml 
H2O 1.0 ml 
The casein, peptone, starch and agar are added to the water and 
dissolved by steaming. The remaining ingredients are added and the 
complete medium is mixed. Finally, the molten medium is filtered through 
absorbent cotton wool in a Buchner funnel. Prior to filtration the 
cotton wool is soaked in distilled water and excess is squeezed out. 
The filtration unit is brought to the same temperature as the medium in 
the steamer. The pH should be 6.9 - 7.0 without adjustment. 
ii. Dissolved Oxygen 
The concentration of the dissolved oxygen of the river water at 
each sampling site was measured directly using a portable dissolved oxygen 
meter (KENT INDUSTRIAL MEASUREMENTS LTD., Surrey). 
iii. PH 
The pH of each water sample was measured directly using a pH meter 
(PYE, Cambs. 
ivy Temperature 
The mid-stream termperature of the river was measured on site with a 
thermometer. 
v. Concentration of Na+. Ca' K" Mg and Few 
The concentrations of sodium (Naa), potassium (K+). calcium (Ca ), 
magnesium (Mg+) and iron (Fe') were also measured for each sampling site. 
a. Na+, K+, Caýand Mg+. Method: pass sample through 
filter paper (WHATMAN, 5+O grade) and measure the atomic 
absorption for each element in an atomic absorption 
spectrometer (PERKIN ELMEEt, 403). Using standard 
curves, the concentration of each was calculated. 
b. Fe Levels of Few were measured using the technique 
of Thiel and Peter (1935). Method: 
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1. Pass river sample through filter paper (WHATMAN, 540 grade). 
2. To 42 ml of filtrate, add 4 ml 20% aq. sulphosalicyclic 
acid (w/v) and 4 ml 880 ammonia (16N), Mix thoroughly. 
3. Measure optical density at 425 nm (UNICAM spectrophotometer 
S180) using a distilled water blank. 
4. The concentration of iron in the sample is calculated 
from a calibration curve constructed from standard 
iron solutions. 
vi. Assessment of Water Quality at Shalford 
The water quality and chemical content of the River Tillingbourne 
at Shalford (sampling site 6) were monitored in detail by the Thames 
Water Authority throughout the period of sampling. The river was 
sampled daily and the aliquots bulked for weekly analysis to determine 
levels of the parameters listed in table 3 (methods used are given in 
detail in 'Analysis of Raw, Potable and Waste Waters', D. o. E., 1972)" 
E. SAMPLING TECHNIQUES 
Two methods of collecting peritrichs were used both of which 
employed artificial substrates. 
i. Plastic Petri Dish 
This was based on the method described by Spoon and Burbanck (1967) 
who showed that plastic petri dishes were a simple, effective and cheap 
substrate for the collection of sessile ciliates. Plastic petri dishes, 
19 mm, deep and 48 mm in diameter (ST&RI LIN, Teddington, Middx. ) were 
used. The bottom halves of the dishes were attached to a wooden stake 
by means of bulldog clips. The wooden stake was then driven into the 
river bank so that the petri dishes were immersed at a depth of 20 cm. 
In order to minimise the accumulation of silt and debris, the dishes 
were fixed at an angle of about 450 and orientated so as to face 
downstream (fig. 6). 
After an immersion period of seven days the dishes were collected. 
Each dish was detached from the stake and a tight-fitting lid was firmly 
applied under the water. Care was taken to ensure that no air bubbles 
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Parameter Method 
Lead Atomic absorption using a 'Varian AA 475' 
Cadmium It to " to of of of " 
Copper to to to is 01 of to II 
Zinc n if to of of IS of of 
Chromium " It it of " of It of 
Manganese to to is of to of it 
Aluminium of " of it to it it is 
Iron to It to it .. II .. .. 
Fluoride Specific ion electrode 
Nitrate Reduction with Davado's and estimation with 
Nessler's reagent. 
Ammonia Distillation, colour development and spectrophotometer 
reading 
Sulphate Diazatisation of 2-aminopiridine and measuring 
absorbance 
Sodium Direct titration 
Potassium " 
Electrical 
conductivity Conductivity meter (DIONIC) 
Permanganate Estimation by 02 absorbance 
Colour 'Hatch' turbidity meter (CAMLAB, Camb. ) 
Turbidity 
Orthophosphate D. o. E. standard methods 
Alkalinity 
Total hardness 
Table 3. Methods used for monitoring water quality at Shalford (sampling site 6). 
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were trapped in the dish. The dishes were then placed in a large 
container of river water collected from the same site and transported 
back to the laboratory. 
Each dish was cleaned externally in tap water, blotted and buffed 
dry with a soft cotton cloth, and placed in a larger petri dish on which 
a grid of 0.25 x 0.25 cm squares had been etched. Most of the river 
water was then pipetted away leaving a2-3 mm layer in the bottom. 
For each dish, five randomly chosen areas, 0.25 cm2 were examined. 
Most of the peritrichs isolated could be counted and identified under 
a low power dissecting microscope. Occasionally, coverslips were 
employed which, when carefully applied, serve to press the peritrichs 
into a horizontal position and so aid identification. Small individuals 
or those which were difficult to identify were scraped off and transferred 
onto glass slides for examination under a high-power compound microscope. 
U. Glass Microscope Slides 
This was based on the method of Jones (1974)1 and is one of the many 
variations of Moebius' (1883) original immersed microscope slide technique. 
For each sampling site, three glass slides 76 mm long x 26 mm wide, 1.0 - 
1.2 mm thick (CHANCE PROPPER LTD., Warley, England) were used. These 
were placed in a rack to hold them in a horizontal position. The rack 
was then placed in a perspex box the lid of which was perforated with 
numerous holes, 1 cm in diameter (fig. 7). The whole device or 'protozoa 
trap' (Jones, 1974)1 was attached to an aluminium stake by means of a clamp 
and the stake was then driven into the river bed. Each trap was immersed 
at a depth of at least 20 cm and orientated so that the perforated lid 
faced downstream in order to minimise the amount of silt and debris 
collecting inside. After seven days immersion, the slides were retrieved 
using water-tight containers. The container was lowered into the water 
adjacent to the protozoa trap and the rack was then transferred into it. 
While still holding the container under the water, the water-tight lid 
was applied. Care was taken to exclude any air bubbles during this process. 
The slides were then transported back to the laboratory. 
1 Jones E. E. (1974) 
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The upper surface of each slide was wiped clean of silt and debris 
leaving the underside to be examined. A petri dish with a grid of 25 x 
0.25 cm squares etched on the bottom was filled with filtered river water 
to a depth of 2-3 mm. The microscope slide was then placed in the dish 
with the side carrying the specimens uppermost. A coverslip was applied 
and five randomly chosen areas, 0.25 cm2 were examined for each slide. 
Counts and identifications of most species were made with a dissecting 
microscope but for small individuals, the slides were placed under a 
high power, compound microscope and the living organisms were examined 
as a temporary mount. 
M. Determination of Optimum Immersion Time 
In order to determine the optimum immersion time of the artificial 
substrata a pilot study was carried out at Gomshall (sampling site 4). 
Plastic petri dishes were immersed for periods of 2,5,7, and 9 days 
after which the attached peritrich communities were examined. The results 
of the study are shown on graphs 1,2,3 and 4. 
From graphs 1 and 2 it can be seen that after only 2 days immersion, 
both the species density and species diversity are comparatively low and 
some species had yet to colonise the new substrate even though they may 
have been abundant in the environment. After 5 days, both the species 
density and species diversity had increased. Also a slightly greater 
amount of silt and debris had accumulated on the microbial slime layer on 
the surface of the dish. By day 7, the species diversity had reached its 
maximum although the species density was continuing to rise. There had 
also been a further build up of silt and debris. After 9 days immersion, 
the total number of individuals was still rising with no further increase 
in the number of species isolated. By this time, the silt and debris 
accumlating on the microbial slime layer was so dense as to impair 
observation of many forms, especially the smaller and less conspicuous 
species of Vorticella. 
From these results, it was concluded that the increase in species 
density beyond day 7 was probably due to recolonisation by established 
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Graphs 1-4 Results of pilot study at Goashall (site 4) to establish 
optimum immersion time of substrata (courtesy of Y. W. Millard & B. Lloyd), 
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1357 .9 
Days -+ 
species and not by organisms from other substrates. Further evidence 
of this comes from a study of Carchesium polypinum, the dominant peritrich 
at this site, in which the number and size of the various colonies were 
monitored. The results in graphs 3 and 4 show that after 5 days, the 
number of colonies per unit area had reached a maximum (graph 4) while 
the total number of zooids was continuing to rise after 9 days (graph 3). 
Cairns et al (1979) have stated that if an artificial substrate is 
to be used as a species sampling device, it should be retrieved from the 
environment before the number of species attains an equilibrium since, 
once this occurs, the associated species assemb7, age begins to evolve its 
own characteristic composition and the substrate ceases to function 
directly as a sampling device. In the light of this and from the results 
of the pilot study, it was concluded that an optimum immersion time of 
7 days satisfied the main requirements in that (1) the peritrich community 
had not yet reached equilibrium and (2) the maximum number of species had 
been obtained which could be observed, identified and counted accurately. 
F. METHODS USED FOR IDENTIFICATION OF ! ERITRICHS 
Identifications of peritrichs were made according to the principles 
outlined by Noland and Finley (1931) and by referring to identifcation 
keys, particularly those of Kahl (1935), Curds (1969) and Stiller (1971). 
Most observations were made on freshly collected, living organisms as a 
temporary mount using bright field or Nomarski optics. However, some 
features are demonstrated more clearly by using techniques such as phase- 
contrast micoscopy, differential-interference-contrast microscopy (DIC), 
silver impregnation, methyl green stain and SEM (table 4). 
i. Methyl Green Stain 
To demonstrate the macronucleus (McKinnon and Hawes, 1961). Method: 
1. Prepare a 1% solution of methyl green (w/v) 
in 0.5 - 1.0 % glacial acetic acid (w/v). 
2. Place coverslip carrying the specimens on a 
microscope slide with a drop of water as a 
temporary mount. 
3. 'lace a drop of above solution at the edge of 
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Character Technique 
Macronucleus Methyl green 
Silver stain 
Contractile Phase contrast 
vacuole 
Pellicular DIC 
striations 
Silver stain 
SEM 
Spasmoneme Phase contrast 
Table 4. Methods used to display and examine certain morphological 
features of peritrichs.. 
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the coverslip and draw underneath by capillary 
action. 
4. Specimens are killed and their nuclei are 
displayed immediately, stained green. 
U. Dry Silver Stain 
To demonstrate the infraciliature, basal bodies, macronucleus, 
pellicular striations and pellicular pores (after Klein, 1958). Method: 
1. Place coverslip with specimens attached into a 
a petri dish with a drop of water. 
2. Draw off excess water from specimen while 
blowing warm air over the surface of the 
coverslip to ensure that peritrichs die and dry 
simultaneously. 
3. Cover with 2% aqueous silver nitrate (w/v) at 20°C 
for 15 minutes. 
4. Wash in distilled water. 
5. Place under UV lamp or expose to strong sunlight 
for at least 15 minutes. Exposure time may vary 
and is determined by microscopical inspection. 
6. Wash in tap water. 
7. Dry in vertical position. 
8. Clear in xylol and mount in Canada Balsam. 
9. Examine microscopically with bright field optics. 
M. Phase Contrast Microscopy 
Phase contrast microscopy relies on the principle that when a beam 
of light passes through a transparent object (such as a living cell) 
there is a change in phase of the light waves with respect to light from 
the same source which has passes through the medium around the object. 
The degree to which the phase is altered depends on the difference between 
the refractive index of the specimen, the mounting medium and also on 
the thickness of the object. 
By introducing a phase plate at the back focal plane of the objective 
and an annular diaphragm in the condenser, the phase difference caused 
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by the object can be adjusted to give the maximum image contrast. By so 
doing, phase contrast microscopy both enables relatively transparent 
objects, e. g. the macronucleus, to be rendered visible and also enhances 
the contrast between normally visible objects, e. g. the spasmoneme, and 
their background. 
iv. Interference Contrast Microscopy 
Like phase contrast microscopy, interference contrast microscopy 
provides visual contrast in transparent living material but additionally, 
it enables the optical path differences to be measured accurately. By 
means of either a birefringent plate or a prism, the object beam, i. e. 
the light beam passing through the object, may be completely separated 
from the reference beam, i. e. the light beam passing through the mounting 
medium. Any path difference introduced by the specimen will result in a 
phase change in the object beam. This change is expressed as inter- 
ference between the two beams when they are recombined using a second 
plate or prism. The advantages of interference contrast microscopy over 
phase contrast microscopy are: 
1. In interference microscopy, the object and reference beams 
are completely separated thus eliminating the 'halo' and 
'shading' artefacts associated with phase contrast 
microscopy. 
2. With interference microscopy, accurate quantitative 
measurements, of refractive index and dry cell mass 
for example, can be made. 
3. Using interference microscopy, small phase changes can be 
converted into colour differences which can be readily 
appreciated, whereas using phase contrast, there might 
otherwise be no perceptable image variation. 
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II RES U iiT5 
The results of the ecological survey of the giver Tillingbourne are 
presented. The six sites were sampled at weekly intervals throughout the 
period of study giving a total of fifty samples for each site. The 
peritrichs were identified and the number of each species present on a 
randomly selected unit area of substrate was recorded. The distribution 
patterns of the various peritrich species present at each site throughout 
the period of sampling were examined and possible correlations between 
these and physico-chemical and biological parameters were sought. 
A. PHYSICAL, CHEMICAL AND BIOLOGICAL PAhA1¬ThRS 
i. Mean Peritrich Counts 
The mean peritrich count at each site was calculated for each 
sampling site thus enabling the simple comparison between the overall 
peritrich distribution and any physico-chemical or biological trends. 
From the results in graph 5, which were derived from 50 data sets, it 
can be seen that there were substantially fewer peritrichs at site 1 than 
any of the other sites. The highest numbers were recorded at site 4. 
ii. Total Viable Bacteria Count 
From the results in graph 6, it can be seen that sites 2-6 all 
support approximately the same numbers of bacteria with a mean of about 
1x 105 cells per ml. Only bacteria present in the mid-stream of the river 
were detected by the methods employed. These were considered to be the 
most important since they constitute the likeliest food source of the 
peritrichs. 
Slädecek (1965) showed that the number of bacteria present in an 
aquatic environment may be indicative of its saprobity and on the basis 
of his findings the saprobic grades of each of the six sampling sites 
were determined (table 5). From this it can be seen that at sampling 
site 1, the River Tillingbourne may be classified as xenosaprobic, i. e. 
very clean, completely unpolluted water, while sites 2,3,4,5 and 6 
are all oligosaprobic, ß-mesosaprobic or, -more rarely, a mesosaprobic, 
which indicate slightly increased levels of bacteria, protein and other 
biodegradable compounds (table 1). 
-54- 
1750 5 
1500 
ýt 1250 
1000 
750 
500 
6 
0 
O 
_- 5 
w4 
3 
ö2 
c 
01 
Z 
CL 
123 
Sampling site 
$rO 
7 
6 
5 
4 
3 
2 
1 
7.0 
6.0 
5.0 
4.0 
00 
3.0 
d 
.0 
2.0 U- 
CL 
y 
1.0 
123456 
Sampling site 
Graph$ 5-? Ecological study of the diver Tillingbourne. Ibese results 
represent the assn values for the entire period of sampling. 
-55- 
12345b 
Sampling site 
Category of 
Saprobity 
Saprobic 
Index 
BOD 5 
(ýbl ) 
Bacterial Aver Tillingbourne 
Numbers Site Number 
(m1 1) 
Xeno- 0.5 1.0 1,000 1 
Oligo- 1.5 2.5 10,000 
ß-meso- 2.5 5.0 50,000 
2-6 
a-meso- 3.5 10.0 250,000 
Poly- 4,5 50.0 2,000,000 
Table 5: Correlation of saprobity with the saprobic index, BOD5 and 
bacterial numbers (from Slädecek, 1965). The position of the six 
sampling sites of the diver Tillingbourne within this scheme is shown on 
the right hand column. 
iii. Predation as a Factor Affecting the Distribution of Peritrichs 
r'otential predators of the peritrichs were seen on numerous occasions 
among the samples collected. The most common of these was Hemiophrys sp. 
(Ciliophoia: Pleuromastida) which was frequently observed on the colonies 
of Carchesium polypinum, grazing on the zooids. Other predators including 
suctoria, rotifers and platyhelminth worms were also seen on several 
occasions, especially during the summer months when the peritrichs were 
most abundant. At Albury, site 5, the water snail Hydrobia sp. (Gastropoda: 
Hydrobidae) was also present on several occasions and reached a maximum in 
the months of June and July when there were regularly as many as three per 
microscope slide. 
The extent to which these and other predators had affected the 
observed peritrich communities was not known although in a few extrem 
cases entire colonies of C. polypinum appeared to have fallen prey to 
Hemiophrys which, having consumed the zooids, had left just the stalk. 
However, as no quantitative data concerning predation was recorded, it 
was not possible to determine its effect on the distribution of the 
peritrichs. 
iv. PH 
The mean value of the pH at each sampling site over the period of 
study are shown in graph 7. The pH at sampling site 1 was found to be 
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fairly low with a mean of only 4.2 and this was thought to be due to the 
acidic, loam-free conditions at the source. 
As it runs further downstream, it becomes steadily more alkaline 
and by Shalford (site 6) the mean value of the pH has risen to 7.4. 
This increase in alkalinity is probably due to calcium carbonate being 
washed in by water draining down from the chalk hills on either side of 
the Tillingbourne valley. 
In the past, conflicting views have been published over the extent 
to which pH effects the distribution of ciliates (Noland, 1925; Wang, 1928; 
Lackey, 1938a). However, Finley, & McLaughlin (1963) remains the only 
study to have been made specifically on the effect of pH on peritrich 
distribution and they reported that while some species appear to be 
unaffected by pH changes within the range 6.8 - 8.36, others have astrong 
predilection for either acidic or alkaline conditions. In view of this, 
the pH of the River Tillingbourne, which varied from a mean of 4.2 at site 
1 to a mean value of 7.4 at site 6, would almost certainly have some 
influence on the distribution of the peritrichs present. 
v. Dissolved Oxygen 
From the results shown in graph 8, it can be seen that for almost 
the entire length of the Tillingbourne, the dissolved oxygen concentration 
was fairly constant at 10 mg i-1, i. e. saturation level. The only 
exception was at Warren Plantation (site 1) where the mean concentration 
was slightly lower. The increase in the concentration of dissolved oxygen 
between sites 1 and 2 was probably due to the presence of a series of 
small weirs along this stretch of the river. 
Previous studies on the effect of dissolved oxygen on ciliate 
distribution have generally been made in environments which are subject 
to relatively large variations in concentration (Noland, 1925; Stout, 
1956), and Finley & Mclaughlin (1963) reported that over the range 
0.20 - 1.60 mgl 
1 the concentration of dissolved oxygen could be directly 
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123456 
Sampling site 
correlated with the distribution of peritrichs. In the case of the 
River Tillingbourne, there would appear to be insufficient variation 
in the oxygen levels to have any significant effect on the 
distribution of the peritrichs present. 
vi. Chemical Parameters. 
The mean concentrations of iron, magnesium, potassium, sodium 
and calcium at each site are shown on graphs 9,10,11,12 and 13 
respectively. The concentration of iron was highest at site 1 with 
a mean value of 26 mg 11 (graph 9), probably as a result of Few 
being leached out of the iron-rich Lower Greensand. As the river 
flows downstream, the iron is diluted down to concentrations of 7 
or 8 mg 171 At sites 5 and 6. 
In contrast to this, the concentration of magnesium underwent 
a slight but detectable increase from 0.15 mg 1-1 at Warren 
Plantation to a mean of 0.25 mg 1-1 at Shalford. This was thought 
to be due to the leaching out of Mg+ from the layer of Upper Greensand 
both on the north escarpment and south of the Tillingbourne valley. 
Mere did not appear to be any direct correlation between the 
peritrich distribution with either Few or Mg+ concentrations. 
Levels of K+ (graph 11) and Na+ (graph 12) showed essentially 
similar patterns, with K+ increasing in concentration from 2.2 mg 171 
at site 1 to 5.8 mg 1-1 at site 6, while that of Na+ rose from 
8.0 mg 1 71 at site 1 to 12.5 mg 1-1 at site 6. This contrasts 
sharply with the findings of Finley & Mclaughlin (1963) who measured 
the levels K+ and Na+ in pond water at the Kenilworth Aquatic Gardens, 
Washington U. S. A. and revealed an inverse relationship between the 
two. Furthermore, they also found that the distribution pattern 
of the peritrichs showed a strong correlation with the levels of K+. 
The fact that a similar relationship was not observed in this study 
may have been due to the different physical conditions that exist 
in lentic as opposed to lotic waters. A more detailed study with 
regular monitoring of K+ levels would be necessary before any 
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hysico-chemical 
Parameter 
Number of 
Samples 
Max Min Mean 
pH 52 7.8 7.1 7.4 
Conductivity (mS/m2) 52 300.0 260.0 280.0 
Colour (Hazens) 51 37.0 4.0 10.0 
Turbidity (Formazan 
turbidity units) 51 35.0 5.0 11.0 
Permanganate (mg 171) 52 4.9 1.2 2.2 
Ammoniacal Nitrogen 
(mg 1-1 ) 51 0.14 0.01 0.07 
Nitrate (mg 1 1) 52 6.8 4.9 5.8 
Fluoride (mg 11 52 0.24 0.11 0.18 
Chloride (mg 1-1) 52 26.0 17.0 22.0 
Sulphate (mg 1-1) 51 39.0 14.0 21.0 
Orthophosphate (mg 171) 51 0.66 0.25 0.45 
Hardness (mg 1-1 of CaCO 3) 52 154.0 116.0 130.0 
Alkalinity (mg 171 of 
CaCO3) 52 90.0 74.0 81.0 
Sodium (mg 1-1) 52 17.0 10.0 14.0 
Potassium (mg 1 1) 52 7.6 5.4 4.4 
Iron (mg 1-1) 52 1.86 0.1 0.56 
Aluminium (mg 1-1) 52 0.02 0.02 0.02 
Manganese (mg 1-1) 52 0.13 0.01 0.04 
Chromium (pg 1-1) 52 20 20 20 
Zinc (}fig 1-1) 52 60 20 20 
Copper (31g 1-1) 52 20 20 20 
Zinc (pg 11) 52 60 20 20 
Copper (pg 1-1) 52 20 20 20 
Cadmium (}Dg 1-1) 11 20 20 20 
Lead (pg j-1) 52 20 20 20 
Table 6. Results of chemical and water quality analysis of the jiver 
Tillingbourne at Shalford (site 6) for the year 1980. (Courtesy of Thames 
Water Authority). 
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definite conclusions can be made. 
Ca concentration also showed an increase from 1 mg 1-1 at 
Warren Plantation of 27 mg per m3 at Shalford (graph 13). Again, 
this may be attributed to the leaching out of calcium ions from the 
high Chalk Scarp on the northern side of the Tillingbourne valley. 
This increase in the Ca ++ concentration was also noted by Horbrough 
& Taft (1982) who found it to have a significant effect on the 
5 
macroinvertebrate fauna along the length of the River `pillinýbourne. 
vii. Assessment of Water Qualityat Shalford (site 6). 
A summary of the water quality and chemical content of the 
River Tillingbourne at Shalford as given by the Thames Water Authority, 
is shown in table 6. These results indicate that the Tillingbourne 
complies with the Department of the Environment's 'Rivers Pollution 
Classification Scheme' guid" lU : Zes for clean, unpolluted grade IA or 
1B rivers. 
B. SPECIES DESCRIPTIONS OF PERITRICHS OBSERVED IN THE TILLINGBOURNE 
On recovery of the slides and petri dishes from each sampling 
site, the attached peritrichs were identified and the numbers of 
each species per unit area were recorded. A description of each 
species found is given. Biometric data for nine of these is shown 
in table 7. The saprobic grades recorded for some of these species 
are those reported by Bick (1972) and Curds (1969). 
i. Campanella umbellaria Linnaeus, 1758. 
Description (plate 3); colonial with inverted bell-shape zooids 
200 - 280 pm long x 100 - 160 µm wide and the widest point being the 
peristomial lip which is 110 - 180 pm in diameter. The adoral 
ciliary rows turn 4j times around the. peristome to the prominently 
folded peristomial lip. The macronucleus is horse-shoe shaped and 
is transveresr orientated lying to the anterior half of the body. 
The micronucleus is situated next to the middle of the macronucleus. 
There is a single contractile vacuole which lies alongside the buccal 
cavity. The pellicle is covered with fairly inconspicuous, low- 
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Campanella umbellaria A. Single zooid - Nomarski optics, B. Zooid, showinq position of 
macronucleus, contractile vacuole and lattice-like nel1icular striations, C. SM, of a relaxed 
zooid. 
domed tubercles arranged in rows. Silver staining and SEM reveals 
that the underlying striations are arranged in a reticulate or grid- 
like pattern. The non-contractile stalk is dichotomously branched 
and measures ur to 3 mm long x 15 }im wide. There is an internal 
system of canals running down its length. 
Distinguishing characters; large zooid, prominent adoral ciliation, 
conspicuously folded peristomial lip and pellicular striations 
arranged in a reticulate pattern. 
Saprobity; ß-meso- and a-mesosaprobic. 
ii. Carchesium pol. vpinum Linnaeus, 1758. 
Description (plate 4); colonial with inverted bell-shape zooids, 
80 - 140 pm (mean 110 pm) long x 40 pm wide. The peristomial lip 
is folded outwards and measures 60 pm in diameter. The macronucleus 
is J-shaped with the upper arm lying transversely across the peristome. 
'There is a single contractile vacuole situated near the buccal cavity. 
The pellicle is finely striated transversely although these striations 
are not usually visible under the light microscope. The zooids are 
frequently bent over and held on the stalk in a nodding position. 
The stalk is contractile although the spasmoneme is not continuous, 
enabling the various branches of the colony to contract independently. 
The stalk is 10 pm wide x up to 2mm long. 
Distinguishing characters; zooids held in nodding position, 
macronuc-laus shape, and discontinuous spasmoneme. 
Saprobity; ß-meso-, a-meso- and oligosaprobic. 
iii. EDistylis Dli_ tilis Ehrenberg, 1838. 
Description (plate 5); colonial with trumpet-shaped zooids, 70 - 
160 pm long and being widest at the peristome which is up to 40 pm 
in diameter. The peristomial disc is slightly arched above the 
peristomial lip. There is a single contractile vacuole situated 
near the buccal cavity. The macronucleus is C-shaped and lies in 
an oblique position in the anterior half of the body. The pellicle 
is finely striated transversely and on contraction it becomes deeply 
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folded in the posterior region. The stalk is non-contractile and 
is neither segmented nor striated. 
Distinguishing characters; shape of zooid and macronucleus; 
unstiiated and unsegmented stalk; folding of posterior region of 
zooid on contraction. 
Saprobity; a-mesosaprobic. 
iv. Opercularia nutans Ehrenberg, 1838. 
Description (plate 6); colonial with fusiform zooids usually 
measuring about 60 pin long x 25 pin wide. The widest part of the zooid 
is at the central region. The peristome is narrow being only 10 pm 
in diameter on average. The peristomial disc is held in an oblique 
position high above the lip. There is a single contractile vacuole 
situated near the buccal cavity. The macronucleus is C-shaped and 
is situated either transversely or obliquely across the centre of 
the body. The pellicle is finely striated transversely. When the 
zooid contracts the peristome folds in and the body simultaneously 
bends over to assume a characteristic nodding position. The stalk 
is non-contractile and branches dichotomously. Its surface is 
furnished with numerous distinct, evenly spaced annulations. 
Distinguishing characters; distinctly striated pellicle, annulations 
on stalk and nodding position of zooid when contracted. 
Saprobity; ß-meso- and a-mesosaprobic. 
v. Epistylis rotans Sv®F. 1897. 
Description (fig. 8); colonial with vase-shaped zooids, 70 - 100 pm 
long x 25 - 30 pm wide. The body is constricted below the peristome which 
is about equal to the greatest body width. The peristomial disc 
is prominently arched above the lip. There is a single contractile 
vacuole situated just below the peristome. The macronucleus is 
C-shaped and lies transversely across the upper 1/3 of the zooid, coiled 
around the cytopharynx. The stalk is segmented and has several 
longitudinal ridges. 
Distinguishing characters; zooid shape, macronucleus shape, and 
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Plate 6 
a 
5Opm 
b 
c. 
M 
F. 
PLAIT (, 
50 pm 
Qeculgria_nutans A. Relaxed zooid - Nomarski optics. E. Two zooids, one relaxed and one 
contracted in characteristic nodding position. C. SEM of contracted colony. 
the segmented, longitudinally striated stalk. 
Saprobity; oligosapr. obic. 
cv 
Ma 
FV 
50 pm 
Fig. 8 Epistvlis rotans, CV - contractile vacuole, FV - food vacuole; 
Ma - macronucleus, (after Curds, 1969). 
vi. Ophrydium sessile Kent, 1881. 
Description (plate 7a & b); zooids elongated measuring approximately 
300 }im long x 20 um wide although the peristome may be slightly 
broader. The body is often inflated just below the centre and then 
tapers posteriorly. The cytoplasm is colourless and there is a 
single contractile vacuole near the base of the cytopharynx. The 
macronucleus is long and straight and situated longitudinally with 
respect to the body axis. The pellicle is finely striated transversely. 
The zooids attach directly to the substrate without a stalk to form a 
hemisherical colony within a gelatinous lorica. When feeding, only 
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A. OGhrydium sessile Colony viewed from above - t4omarski optics. B. O. sessile side view of colony 
attatched to substratum. C. 0. versatile , stalk, dichotomous hranchinq - (Jomarski optics. 
D. 0, versatile, two zooids, one relaxed and one contracted, showinq position of nacronucleus quid 
contractile vacuole. 
300pm 
300pm 
the proximal half of each zooid projects through the lorica. 
Distinguishing characters; absence of stalks, attachment of substratum 
forming hemisherical colonies, presence of gelatinous lorica. 
Saprobity; not given. 
vii. Ophrydium versatile Miller, 1786. 
Description (plate 7c & d); zooids elongated, 300 - 700 p long, 
slightly inflated just below the centre of the body and then 
tapering posteriorly. The anterior part of the zooid is cylindrical, 
the widest part being at the peristome. 'There is a single contractile 
vacuole near the cytopharynx. The macronucleus is long and straight 
and situated longitudinally with respect to the body axis. 
Endosymbiotic zoochlorellae are frequently present in this species 
but were not present in isolates from the River Tillingbourne. The 
zooids are connected by a system of slender, dichotomously branching 
stalks to form a hemispherical colony within a gelatinous lorica. 
Distinguishing characters; zooids frequently contain endosymbiotic 
zoochlorellae, there is a dichotomously branching stalk and a 
gelatinous lorica. 
Saprobity; (3-meso-, a-meso- and oligosaprobic. 
viii. Platycola decumbens Ehrenberg, 1830. 
Description (plate 8); there are usually two trumpet shaped zooids 
which protrude from a single lorica although often there may only be 
one or, rarely, three or even four zooids per lorica. The zooids 
measure 80 - 168 pun long (mean 140 pm) x 12 - 26 pm wide (mean 19 pin) . 
The broadest part is the peristome which is 21 - 55 pin in diameter 
(mean 30 )lm)- Each zooid has a single contractile vacuole situated 
near the peristomial lip and a long straight macronucleus which 
lies longitudinally with respect to the body axis. The pellicle is 
finely striated transversely. The lorica measures 65 - 145 pm long 
(mean 96 pm) x44 - 110 pm wide (mean 75 pm). There is usually a 
short neck with an aperture facing forwards and upwards. When 
extended, the zooids reach well beyond the aperture. The lorica 
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PLATE 3 
Platycola decumbens A. Lorica with two zooids, dorsal vierr - Nomorski optics. E. Dorsal view 
showing position of macronucleus and contractile vacuole. C. Lateral view. D. Posterior view 
showing position of zooids when extended - Nomarski optics. 
5ONm 
may vary considerably in shape but when viewed from above, is usually 
oval or rectangular with rounded corners. The colour also varies 
from transparent or pale yellow in young cells to dark yellow 
or brown in mature cells. The dorsal wali of the lorica is usually 
smooth but in some individuals, transverse ridges are present on 
part or sometimes the whole lorica surface. 
Distinguishing characters; zooids (usually two) which extend well 
beyong the aperture, zooid shape, and the presence of a single 
contractile vacuole in each zooid. 
Saprobity; ß-meso-, a meso- and oligosaprobic. 
ix. Zoothamnium hentscheli (Hentschel, 1916 ) Kahl, 1935. 
Description (plate 9 and 10a & b); colonial with slightly elongated 
zooids which measure 60 - 85 }un long x 35 - 42 p. m wide. The peristomial 
lip is equal to, or slightly broader than, the greatest body width. 
The macronucleus is C-shaped and lies obliquely across the centre 
of the zooid. There is a single contractile vacuole which is 
situated just below the peristomial disc. The pellicle is finely 
striated transversely although the striations are very difficult 
to observe due to the layer of detritus covering the whole colony. 
This detritus covering gives the surface a black, roughened 
appearance. The stalk branches dichotomously and has a continuous 
spasmoneme which describes a shallow spiral. The spasmoneme never 
reaches as far as the substrate but terminates about 2/3 of the way 
down the main stem of the colony, therefore, the lower 1/3 is non- 
contractile. 
Distinguishing characters; single contractile vacuole situated 
high in the zooid under the disc; colony covered with detritus 
when freshly isolated giving it a roughened black appearance; 
the spasmoneme terminating above the substrate leaving the lower 
section non-contractile. 
Saprobity; not given. 
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Plate 9 
E 
* 
PLATE 9 
Zoothamnium hentscheli A. Colony freshly isolated from river - Nomarski optics. 1' SEM of 
contracted colony, C. SEfl of contracted zooid showing debris attatched to suirfc1ce, 
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Plate 10 
A. Zoothrnnlun hentschell , two zooids of colony fron which much of the surface debris has been 
lost in culture, B, Z. hentscheli, zooid, showirr rosition of mocronucleus and contractile vacJiole. 
C. Vajinicola_crystallina, side vied of lorica with t zooids - Namrski optics. D, V. _crý'stallino, 
lorica with two zooids, showirr position of macronucleus and contractile vacuole. 
. v. 
a. 
x. Vaginicola crystallina Ehrenberg, 1830. 
Description (plate 10c & d); this species has two zooids projecting 
from a single lorica. Typically, one zooid is shorter than the other, 
the longer one measuring about 120 pun in length and the shorter, 100 }gym. 
In both, the body is widest at the peristome which is 20 pin across. 
The macronucleus is long and straight and situated longitudinally 
with respect to the body axis. 'There is a single contractile 
vacuole near the cytor. harynx. The pellicle is finely striated 
transverse. y. The lorica is attached to the substrate at its 
posterior end and is held in a vertical position. It is usually 
colourless or pale yellow and measures about 80 pin long x 30 pm wide 
at the aperture, and then tapering down evenly to the base. 
Distinguishing characters; two trumpet-shaped zooids, one being 
typically longer than the other, and the size and shape of the lorica. 
xi. Vorticella campanula Ehrenberg, 1831. 
Description (plate 11); zooid inverted bell-shaped, 50 - 157 pm 
long (mean 68 yim) x 35 - 99 Wm wide (mean 58 }im). The peristome is 
broad, 60 - 125 }im in diameter (mean 78 pm) with a large, prominent 
vestibulum. On contraction, the peristome typically assumes a 
puckered appearance. The cytoplasm contains numerous highly 
refractile reserve granules which are present in all parts of the 
zooid except the peristome and the scopular region. Under high 
power it is seen that these granules are in constant brownian 
motion. There is a contractile vacuole near the buccal cavity but 
this is frequently masked from view by the granules. The macronucleus 
is long and J-shaped. The pellicle is finely striated transversely. 
The stalk may be very long, up to 500 pin (mean 300 pm), and the 
spasmoneme has numerous thecoplasmic granules down its length. This 
is typically a gregarious species and may form large pseudocolonies. 
Distinguishing characters; large inverted bell-shaped zooid with a 
broad peristome; numerous refractile reserve granules; and the 
peristome becomes puckered when it contracts. 
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Plate 11 
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PLATE 11 
Vor ticella campanula A. Two zooids - Bright field, B. Zooid showing position of macrnucleus, contractile vacuole and refractile reserve granules, C, SEM of a relaxed zooid. 
ü 
Saprobity; ß-meso-, Qmeso- and oligosaprobic. 
xii. Vorticella convaliaria Linnaeus, 1758. 
Description (plate 12a & b); zooid inverted bell-shaped, 50 -95 pm 
long (mean 77 )ain) x 35 - 55 pm wide (mean 44 }lm). The widest part 
of the zooid is the peristome which measures 55 - 75 } in diameter 
(mean 65 )im). The peristomial disc is slightly arched above the lip. 
The cytoplasm is granular and frequently has a yellowish tint. Food 
vacuoles are usually numerous and prominent and have a round or 
slightly ova]. contour. The macronucleus is J-shaped with the upper 
arm lying across the peristome. There is a single contractile 
vacuole near the buccal cavity. The pellicle is distinctly striated 
transversely. The stalk length varies considerably from 125 - 
460 pm (mean 205 pm) x 4.0 - 6.5 um in diameter (mean 4.8 pin). 
The spasmoneme has several thecoplasmic granules down its length. 
This species is highly gregarious; and frequently forms large 
pseudocolonies. 
Distinguishing characters; zooid shape, distinct transverse 
striations and gregarious nature. 
Saprobity; ß-meso-, a meso- and oligosaprobic. 
xiii. Vorticella alba Fromentel, 1874. 
Description (plate 12c & d); zooid inverted bell-shape measuring 
60 - 80 }im long x 25 }xm wide with the peristomial lip being about 
equal to the greatest body width. The peristomial disc is slightly 
arched above the lip. The cytoplasm is translucent, usually with 
few food vacuoles. The macronucleus is C-shaped and lies centrally 
in the body. The pellicle appears to be unstriated but when examined 
under high power, it is seen to possess rows of longitudinally 
orientated granules. This is a solitary species which does not 
tend to form pseudocolonies. 
Distinguishing characters; zooid shape, macronucleus shape, and 
unstriated pellicle. 
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PLATT 12 
A. Vorticella convallaria, zooid and stalk - Nomarsici optics. P. V, convallorin, zooid sho inn 
position of macronucleuis and contractile vacuole. C. V, olbo, zooid - Nnmorski optics. 
D. V. albo, zooid shoviingl position of contractile vacuole and macronuc: leus. 
I., 
50 pm 
SaDrobity; a meso- and oligosaprobic. 
xiv. Vorticella cratera Kent, 1881. 
Description (plate 13a & b); zooid campanulate, 50 }gym long x 
45 }im wide with a very broad, flat peristome measuring 60 dim in 
diameter. The edge of the lip has an irregular undulating frill- 
like appearance. The peristomial disc is flat and slightly elevated 
above the peristome. The cytoplasm is colourless and there is a 
single contractile vacuole situated near the buccal cavity. The 
macronucleus is J-shaped with the upper arm lying horizontally 
across the peristome. The pellicle appears to be unstriated when 
viewed with the light microscope. The stalk is usually 300 - 350 pm 
long. 
Distinguishing characters; zooid shape and the wide peristomial 
lip with its irregular frill-like edge. 
Saprobity; not given. 
xv. Vorticella vestita Stokes, 1883. 
Description (plate 13c & d); zooid inverted bell-shape 50 - 75 }un 
long. The widest part of the body is the peristomial lip which 
measures 50 gm in diameter. The macronucleus is J-shaped with the 
upper arm situated in a horizontal position across the peristome. 
There is a single contractile vacuole near the buccal cavity. The 
entire zooid surface with the exception of the peristomial disc is 
covered with a transparent extracellular envelope composed of 
rectangular compartments lying in close contact with each other. 
At high magnification it is seen that these compartments 
contain numerous small refractile bodies in constant brownian motion.. 
The stalk is slender, 300 - 400 }un long and the myoneme has several 
thecoplasmic granules down its length. 
Distinguishing characters; zooid shape, broad peristome, extracellular 
envelope covering the zooid surface. 
Saprobity; not given. 
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PLATE 13 
A. Vorticellacratera, zooid - Noriarski optics. B. V. cratera zooid showinn Position of contractile 
vacuole and macronucleus. C. V, 
_vestito, zooid - NJomarski oatics. D. V. vestita, zooid showlnn 
extracellular membranous investment and position of macronucleus and contractile vacuole. 
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xvi. Vorticella striata Dujardin, 1841 
Description (fig. 9); zooid small and ovoid, 23 - 53 p long 
(mean 35 gym) x 15 - 32 ). im wide (mean 19 gym). 'ypically, the peristomial 
lip is narrower than the greatest body width, measuring 13 - 26 }zm 
in diameter (mean 18 pm). The C-shaped macronucleus is short and 
thick and lies transversely across the centre of the zooid. There 
is a single contractile vacuole situated below the peristomial lip 
next to the buccal cavity. The kýellicle is furnished with distinct, 
broad striations. The stalk is slender measuring 20 - 300 )am in 
length (mean 100 )am) x 1.6 - 4.0 }im in diameter (mean 3 )un). 
No thecoplasmic granules are present on the spasmoneme. 
Distinguishing characters; zooid shape; macronucleus position 
and shape. 
Saprobity; a-meso- and oligosaprobic. 
xvii. Vorticella communis Fromentel, 1874. 
Description (fig. 10); zooid small, and somewhat rotund or goblet 
shaped, 30 pm long. The peristomial lip is about equal to the 
greatest body width which is the well rounded basal region. (20 pm 
in diameter). The macronucleus is C-shaped and lies transversely 
across the centre of the zooid. `! 'here is a single contractile 
vacuole situated near the buccal cavity. The pellicle appears to 
be unstriated when viewed under the light microscope. 
Distinguishing characters; small zooid, which is well rounded 
especially in the posterior region, and the unstriated pellicle. 
Saprobity; not given. 
Pseudovorticella monilata (Tatem, 1870) Foissner and Schiffmann, 1974 
Description (plate 14); zooid inverted bell-shape, 50 - 78 pm 
long (mean 62 )Im) x 37 - 57 }un wide (mean 45 pm). The peristomial 
lip is slightly broader than the greatest body width measuring 
35 - 63 pm in diameter (mean 52 pm). The cytoplasm is granular 
and the macronucleus is J-shaped. There are two contractile 
vacuoles situated close to the buccal cavity. The pellicle is 
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cv 
Ma 
FV 25 Nm 
Figure 9 Vorticella striata (after Noland & Finley, 1931). CV contractile 
vacuole; FV food vacuole; Ma macronucleus. 
cv 
Ma 
FV 
25 Nm 
Figure 10 Vorticella communiB; CV, contractile vacuole; FV, food 
vacuole; Ma, macronucleus. 
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Plate 14 
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Pseudovorticella monilata A. looids - Nomarski optics. B, Zooid, shov; inn nositioll Of cnntrcIctlie 
vacuoles and macronucleus. C. SEN of a contracte zooid. 
furnished with rows of regularly arranged tubercles, 0.7 x 0.7 pm. 
These tubercles are also present on the peristomial lip. The stalk 
is long and slender, measuring 5- 200 }im long (mean 85 um) x 5.0 - 6.5 }im 
in diameter (mean 6.0 kim). This is a gregarious species and often forms 
large pseudocolonies. 
Distinguishing characters; rows of regularly aligned tubercles, 
reticulate striations. and its two contractile vacuoles. 
Saprobity; not given. 
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C. DISTRIBUTION OF FERI TRICHS 
The distribution patterns of the most abundant peritrich species 
observed throughout the period of study, using the glass slide 
sampling method, at sites 2,3,4,5 and 6 are shown in figures 
11,12,13,14 and 15 respectively. For comparative purposes, the 
mid-stream temperature and total viable bacteria counts taken at 
one of the sites (site 3) over the same period of time are shown 
in graphs 14 and 15. 
At Warren Plantation, site 1, only three species were ever 
found, Vorticella communis, V. campanula and, less frequently, 
V. convallaria and these were only present in comparatively low 
numbers (graph 17). On several occasions between December and 
February when the temperature was lowest, no peritrichs were 
isolated. Maximum numbers were recorded between July and September 
although even here, counts rarely exceeded 40 zooids per 10 cm2. 
The lack of peritrichs at this site may be attributed to various 
factors, the most likely being the low bacterial numbers and the 
harsh physicochemical conditions which prevailed there, i. e. the 
lowest mean levels of pH, temperature and dissolved oxygen were 
all recorded at this site. 
At Wotton, site 2, there was a substantial increase in both 
the density and the diversity of the peritrich population with the 
three most abundant species being Campanella umbellaria, Carchesium 
polypinum and Epist ylis plicatilis (fig. 11). C. umbellaria and 
C. polyyinum were present in almost every sample while E. plcatilis 
was only observed in the period between May and October. From the 
distribution patterns in figure 11, it can be seen that an increase 
in abundance of any one of these three species coincided with a 
decrease for the other two, resulting in a brief period of dominance 
of that species. These rises and falls in numbers were repeated 
throughout the summer and gave rise to a succession of dominance. 
Ylatvcola decumbens, the only loricate form to be found at this site, 
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(site 3) throughout the period of sampling. 
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was present in relatively low numbers throughout the period of study 
except during the coldest months of December and January (graph 14). 
Maximum numbers of k. decumbens were recorded in early July. the 
most abundant species of Vorticella were V. campanula and 
V. convallaria, and these were seen to have very similar distributions 
to one another throughout the period of sampling. In both cases, 
maximum numbers occuring. during May. 
Between Wotton and Abinger (site 3) there was a distinct change 
in the peritrich fauna with C. umbellaria and Ez plicatilis now 
reduced to minor species having been replaced by the more abundant 
Zoothamnium hentscheli and Pseudovorticella monilata (fig. 12). 
? here were also slight increases in numbers of both P. decumbens 
and Y. campanula and again, the latter had a similar distribution 
pattern to the rather less numerous Vs convallaria. By far the 
most abundant species at this site for most of the year was 
C. po lypinum. 
At Gomshall, site 4, the largest overall number of peritrichs 
were recorded. Like the previous site, C. polypinum was the 
dominant species and often grew in such large blooms that accurate 
enumeration was difficult (fig. 13). Pseudovorticella monilata also 
reached its maximum abundance at Gomshall and, for a short period 
during May and June, replaced C. polyyinum as the dominant species. 
Both Campanella umbellaria and Zoothamnium hentscheli were regularly 
observed. V, campanula and V_ conyallaria were again the most 
abundant species of Vorticella and, as before, their distribution 
patterns correlated closely with one another. Platycola decd ns 
was also regularly isolated but in comparatively low numbers. 
Between Gomshall and Albury. (site 5) there was a significant 
reduction in the overall number of peritrichs present (graph 5) along 
with a change in the balance of the peritrich community itself (fig. 14 ). 
Here CL umbellaria and ZL hentscheli are reduced to minor species 
having been replaced by E. plicatilis and P. decumbens although 
neither of these were particularly numerous. ? seudovorticella 
monilata was isolated throughout the period of sampling except 
during the coldest months from December to February with maximum 
numbers occurring in mid August. V. campanula was the most abundant 
species of Vorticella followed by V. convallaria. G. polypinum 
remained the dominant peritrich overall. 
At Shalford (site 6) fewer individuals were isolated on 
average than at any other except site 1 (graph 5). The reason for 
this is unclear especially as there was no equivalent reduction 
in the species diversity but it is possible that the environmental 
conditions at Shalford, where the river is at its deepest and the 
current slowest, are not conducive to large numbers of peritrichs. 
Certainly, the colonial forms such as C. polypinum. C. umbellaria, 
E. plicatilis and Z. hentecheli never reached the high numbers 
obtained further upstream while V. campanula was, for the first 
time, reduced to a minority species (fig. 15). In fact, of the 
major species only Pseudovorticella monilata and V" convallaria 
reached the levels of abundance observed at previous sampling sites. 
It was also noted that more loricate forms, such as 0phrydium sessile, 
0. versatile and Vaginicola crystallina, as well as Platycola 
decummbens , were isolated here than at any of the other sites. 
From these observations it was concluded that each site 
supported a slightly different peritrich community, and to see if 
these differences were statistically significant, the data was 
analysed by multivariate techniques. 
D. MULTIVARIATE ANALYSIS OF ECOLOGICAL STUDY OF THE TILLINGBOURNE 
In order to analyse the large volumes of data generated by 
the Tillingbourne survey, multivariate techniques were employed. 
Multivariate analysis enables the differences between several 
parameters to be compared simultaneously and this may be achieved 
by a variety of different methods. For the purpose of the 
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current study, a principal components analysis (PCA) followed by a 
discriminant function analysis (DFA) was used, a procedure which 
was recommended by Green and Vascotto (1978) for the general 
handling of ecological data. 
i. Principal Components Analvsi& (PPA) 
PCA may be defined as a method of examining and describing 
the structure within a set of multivariate data by an analysis of 
correlations (Everitt, 1978), The raw data is transformed into 
correlation and covariance matrices from which the vectors or 
'eigenvectors' are extracted. The percentage of the total 
variability exhibited by these eigenvectors is therefore an 
indication of the interrelationships within the data set. For 
the purpose of this analysis the information was listed in the form 
of 300 data sets, each of the six sites along the Tillingbourne 
having been sampled 50 times. Each data set was identified by 
its site number (1 - 6) and the sample -number 
(1 - 50) and 
consisted of 22 variable parameters thus; 
1. Site no. (1 - 6) 
2. Sample no. (1 - 50) 
3. Species density 
4. Species diversity 
5. pH. 
6. Temperature 
7. Viable bacteria count 
8. No. of Vorticella campanula per 10 cm2 
9. No. of V. convallaria per 10 cm2 
10. No. of V. communis per 10 cm 
11. No. of V. striata per 10 cm2 
12. No. of V. cratera per 10 cm2 
13. No. of V. alba per 10 cm2 
14. No. of V. vestita per 10 cmz 
15. No of Pseudovorticella monilata per 10 cm2 
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16. No. of Carchesium polypinum per 10 cm2 
17. No. of Campanella umbellaria per 10 cm2 
18. No. of Epistylis plicatilis per 10 cm2 
19. No. of E. rotans per 10 cm2 
20. No. of Zoothamnium hentscheli per 10 cm2 
21. No. of Platycola decumbens per 10 cm2 
22. No. of Opercularia nutans per 10 cm2 
23. No. of Ophrydium sessile per 10 cm2 
24. No. of Vaginicola crystallina per 10 cmz 
It was considered that the remaining species observed during 
the course of the survey did mt'obcur with sufficient frequency to 
influence the analysis significantly. Fach of the variable functions 
(no. 's 3- 24) was then transformed to its log10 value to ensure 
that all were of the same order of magnitude. A PCA was then carried 
out using the University of Surrey program package. By this process 
the 22 variable parameters measured at each sampling site were 
reduced to two functions or 'eigenvectors'. these having been derived 
from the correlation matrix constructed during the analysis. The 
results of the PCA are shown as the scatterplot in figure 16. The 
eigenvectors employed were those representing the highest proportion 
of the total variability i. e. eigenvector 1 vs. eigenvector 2. 
Each of the co-ordinates is identified by a number to indicate the 
sampling site from which that data set was derived. From the 
scattergram (fig. 16) it can be seen that sampling site 1 appears to 
form a fairly well defined group with most points being clustered 
together in one small region comparatively well separated from all 
the other points. Sampling site 2 forms a less well defined group 
with its component points being spread over a far greater area than 
those of site 1. Sampling sites 3,4,5 and 6 did not appear to form 
any readily discernable clusters and all their component points 
occupied the same broad region on the scattergram. Thus, from 
these results, it would appear that sampling sites 1 and 2 are fairly 
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well defined in terms of their physico-chemical conditions and the 
peritrich communities they support, while sites 3,4,5 and 6 are 
all broadly similar to one another and cannot be clearly distinguished 
on this basis. 
To ensure that the above results were not influenced by 
seasonal variations, a second PCA was conducted. For this, the 
number of data sets was reduced to 24 representing the spring, summer, 
autumn and winter figures for each of the six sites. The resulting 
scattergram (fig. 17) shows a broadly similar distribution pattern 
to that of the full data set and from this it was concluded that 
seasonal variations did not significantly influence the results. 
jj. Discriminant Function Analysis (DFA) 
In order to verify these interpretations of the PCA, a 
discriminant function analysis (DFA) was conducted on the log10 
transformed data set. 
Discriminant function analysis (DFA) is a technique for 
examining or predicting the membership of a group of individuals 
on the basis of a set of attributes measured as continuous variables 
(Everitt, 1978). In this particular case, it has been used to 
indicate how well defined or otherwise are the clusters observed by 
the PCA. 
DFA involves locating the linear function of the variables 
which best discriminates between the different groups of individuals, 
this being referred to as the first cannonical discriminant function. 
In order to separate the groups more clearly, additional mutually 
orthoganol linear functions are determined and these are designated 
the 2nd., 3rd., 4th. .... nth. discriminant functions. The results 
of the analysis may be displayed on taxometric maps using the two 
cannonical functions which account for most of the observed 
variability, i. e. the 1st. and 2nd. functions. Each group may be 
conveniently located by the position of its centroid which is the 
calculated mean of the vectors of every individual belonging to that 
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group. In cases where large numbers of individuals are involved, the 
results may be most clearly displayed by plotting the centroids only. 
A DFA was carried out on the Tillingbourne data using the 
University of Surrey program package and the results are shown on the 
taxometric map in figure 18. Because of the large number of data 
sets involved, only the group centroids have been plotted. The 
analysis showed that the first discriminant function accounted for 
81.21o of the total variance, the second, 12.62%, and functions 
3,4 and 5, the remaining 6.13%. The scattergram (fig. 18), which 
is a plot of the lst. discriminant function vs. the 2nd. discriminant 
function, therefore represents 93.87% of the total variance. From 
this it can be seen that while groups (i. e. sites) 1 and 2 are 
fairly well separated, groups 3,4,5 and 6 all lie comparatively 
close to one another. 
The grouping efficiencies shown in table 8 give an indication 
of the proportion of individuals which actually fall into their own 
group. Therefore, while sites 1 (96%) and 2 (78%) had relatively 
high grouping efficiencies, those of sites 3 (66%), 4 (44%), 5 (48%) 
and 6 (62%) were substantially lower and this was probably due to 
the extremely close proximity of these four. 
Site. Grouping efficiency. 
1 96% 
2 7 
3 66% 
4 44gß 
5 48% 
6 62% 
Table 8. Grouping efficiencies of sampling sites 1-6 
following Discriminant Function Analysis. 
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To further verify this, the DFA was repeated, this time with 
sites 3,4,5 and 6 all designated to a single group, 3'. Sites 1 
and 2 remained unchanged. The resulting taxometric map is shown in 
figure 19 with the asterisks indicating the group centroids. The 
grouping efficiencies for the three groups were calculated at; 
group 1- 96%; group 2- 82%; group 3' - 98%. From these results, 
it would appear that sites 1,2 and 3' (i. e. 3,4,5 and 6) are 
distinct and comparatively well defined, confirming the results of 
the PCA. 
E. COMPARISON OF THE TWO SAMPLING METHODS 
Throughout the period of sampling, both plastic petri dishes 
and glass microscope slides were recovered from the river and the 
peritrichs attached to each were identified and counted. The results 
in graphs 16 - 27 shown the species diversities and species densities 
at each site using the two sampling methods. In almost every case, 
it was noted that the glass microscope slides yielded a higher 
diversity of peritrich species than the plastic petri dishes, the only 
exception of any note being at sampling site 1 (graph 16) where the 
reverse case was consistently observed. However, since there were 
seldom more than two species present here at any time, this result 
was probably not significant. Similarly, the total number of 
individuals (the density) was usually greater on the glass microscope 
slides than on the plastic petri dishes although at certain times 
of the year there were some exceptions, notably at sampling sites 
2,3 and 4. At site 2 (graph 19) in the period from May until July, 
the plastic petri dishes yielded the greater density of peritrichs. 
This was due almost entirely to the presence of single siecies in 
very large numbers, in this case Epistvlis plica tills followed by 
Campanella umbellaria, which successively formed large blooms. At 
site 3 (graph 21) during June, there was another instance where the 
numbers of peritrichs on the petri dishes exceeded those on the 
slides, again due to a single species bloom, this time of C. polypinum. 
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At site 4 (graph 23) C. polypinum was once more the most abundant 
species and was consistently found in very high numbers on the 
plastic petri dishes between June and September. 
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All of the peritrich protozoa in this study form Cart of an 
aquatic ecosystem of microorganisms called the peridhyton. the 
various methods for sampling and measuring the periphyton have been 
comprehensively reviewed by Weitzel (1979) who highlighted the 
"special problems in isolating specific components of this complex 
microcommunity.... which are as varied as the individuals responsible 
and the conditions under which particular studies have been 
conducted". And Slädeckovä (1962), who made extensive studies 
on methods of collecting attached aquatic communities, concluded that 
"there is no single universal method for the quantitative evaluation 
of any kind of periphyton and for every purpose (since) the choice 
of exposure technique is often determined by circumstances". By 
comparing the results of the two methods used for sampling the 
River Tillingbourne, it was found that there were indeed significant 
differences between the peritrich communities observed. Mere are 
several possible explanations for this. One obvious difference 
between the two techniques is that the plastic petri dishes were 
left immersed in a completely exposed state while the glass slides 
were partially enclosed within the protozoa traps, forming a 
microenvironment with slightly different conditions e. g. of flow 
rate and accessability to potential colonisers and predators. As 
Jones (1974)' indicated, the protozoa traps were originally designed 
to exclude large predators from the peritrich communities within. 
During the course of this study, the largest potential predators 
observed were Hydrobia app. 'These were found on both slides and 
plates with equal frequency so it would appear that both communities 
are equally exposed to the effects of this type of predation. 
The difference in flow rate over the two surfaces probably 
has a much more significant effect on the peritrich populations 
since this is known to affect both their colonisation rate and their 
growth rate (Zimmerman, 1961; Cairns and Yongue, 1973 & 19?? )- 
1 
Jones E. E. (1974) 
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With the creation of a semi-enc osed environment for the slides the 
flow rates over the two substrates would undoubtedly have been 
different although these were nevei. measured quantitatively. 
Piesumabiy, the flow rate over the slides was somewhat sower 
than over the plates and this may wel-L have accounted for some of the 
differences in the peritrich communities attached to each. 
The existence of a semi-enclosed microhabitat within the 
protozoa trap could also have affected the way in which the peritrichs 
re. roduce and recolonise within the trap. When mature zooids divide, 
they form either a telotroch (asexual rerroduction) or a micro- 
and a macrogamete(sexual reproduction). In the case 
If asexual 
reproduction, the mobile telotroch normally swims away to recolonise 
a new environment and this is probably what happens in the case 
of those attached to the petri dish. In the protozoa trap 
there is less chance of the telotroch escaping and therefore a 
greater likelihood that it may settle on a nearby surface such as 
an adjacent microscope slide or the inner surface of the box. 
Furthermore, it was noted that several of the solitary peritrichs 
such as Vorticella campanula, V. convallaria and Pseudovorticella 
mono typically form pseudocolonies as a result of telotrochs 
settling on the same substrate and very close to the mature organisms. 
H. orikami and Ishii (1981) have shown that this phenomenon is caused 
by the secretion of chemical compounds, (the nature of which is 
not yet known) by the mature cells thus initiating a positive 
chemotactic response in the telotroch. With the reduced flow 
rate over the slides, the concentrations of these compounds would 
probably be higher compared with those on the petri dishes, again 
increasing the chances of recolonisation. In a similar way, it has 
been suggested that sexual reproduction probably involves some sort 
of , ositive chemotactic response of the microgamete for a substance 
secreted by the macrogamete (Finley, 1943) and again, the concentration 
of such substances would be higher within the trap thus increasing 
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the chances of conjugation occurzing successful lý. 
In order to test the effects of all these parameters petri 
dishes could be left immersed within a protozoa trap with an exposed 
petri dish as a control. Alte, -natively microscope sides in racks 
could be anchored to the river bank by means of a stake with the 
normal protozoa trap as a cont? ol. By comparing the peritrich 
communities isolated, it should be possible to show whether the 
differences observed in this study are due only to the substrates 
or also to the different conditions which exist within the two 
environments. 
Many alternative artificial substrates have been used for 
collecting aquatic microbial communities and these have been the 
subject of a recent review by Cairns (1982). As Slädeckovä 
(1962) indicated, artificial substrates should ideally be transparent, 
durable, readily available and should accurately resemble natural 
substrata. Glass microscope slides and plastic petri dishes 
both satisfy these criteria, glass slides being smooth, hard and 
wettable (similar to rock) while plastic dishes are non-polar and 
non-wettable like plant surfaces (Spoon & Burbanck, 1967). Spoon 
(1979) compared the merits of the two for collecting and studying 
sessile ciliates and found that plastic is preferred for sampling 
the aufwuchs community, since these organisms tend to attach more 
rapidly and firmly to plastic, while glass is more suitable for 
studying the periphyton. The reasons for this may be attributed 
to the different properties of the two; glass is very hard, 
dense, smooth and chemically wettable due to its charged surface 
whereas plastic is softer, much cioser in density to that of 
water (and so requires little flotation), has mould grooves 
making it slightly rough, and a non-wettable, non-polar surface. 
During the course of the present study, it was noted that almost 
invariabiy, greater amounts of silt, debris, fungal and actinomycete 
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hyphae, and 'aufwuchs' organisms were found on the plastic Petri 
dishes than on the g_ass slides. l'nis may have had a variety of 
effects on the 'erritrich , )opu-ation observed on the : etri dishes 
such as inhibiting colonisation or simnyy masking the mature 
organisms from view rendering their accurate identification and 
enumeration more difficult. In contrast, greater numbers of 
peritrichs were isolated on glass slides and these were 
comparatively easy to identify and count. Therefore the results 
of this study would tend to support the view of Spoon (1979), that 
if one is collecting and studying peritrichs then glass microscope 
slides are the substrate of choice. 
Noland (1925) stated that "there are few organisms that come 
into closer contact with their surroundings than protozoa", and 
i, rovasoli (1958), "the ecological arena is populated by the products 
of the continuous challenge of nature to the potentialities of the 
organisms". Instances of the intimate contact between the 
peritrichs and their environment and examples of the continuous 
challenges they meet in nature were frequently noted during this 
study. By monitoring the changes in the peritrich fauna of the 
Tillingbourne throughout the period of sampling, it was apparent 
that the changing ecological conditions supported distinctly 
different communities of organisms. 
Temperature has been cited as one of the principal limiting 
factors in the activity of most organisms (Odum, 1959). During 
the warmest period of this study, between May and September, 
there was a significant increase in both the species density and 
species diversity at every sampling site and this may simply be 
due to an overall increase in metabolic activity caused by the 
increase in temperature at this time. Nevertheless, it has been 
shown on several occasions (Noland, 1925; Nusch, 1970; Bick, 1972) 
that many peritrichs are tolerant of a wide range of temperature 
so the main effects of the higher temperatures could be indirect, 
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for example by promoting the growth of the bacterial food organisms 
which, in turn, could support larger numbers of peritrichs. 
A-)art from temperature there are several other factors which may 
also account for the greater abundance of peritrichs during the summer 
such as increased sunlight, increased photosynthetic activity in plants, 
higher numbers of predators, and less rainfall. It has been shown that 
increased exposure to sunlight stimulates an increase in the division 
rate among ciliates (Wang, 1928; Richards, 1929) although this phenomenon 
has never been investigated for peritrichs. During the summer months 
there was also a noticeable increase in the abundance of plants in the 
river, and the greater photosynthetic activity resulting from this would 
effectively lower the dissolved CO2 levels of the water. CO2 is known to 
be highly toxic to sessile ciliates (Stout, 1956) so by lowering the C02 
concentration, the survival and growth of the peritrichs would no longer 
be inhibited. However, it should be noted that under conditions such as 
this most of the CO2 is present in its bound form, usually as bicarbonate 
or carbonate ions (Mackereth et al, 1978). 
In one of the few studies to have been made on the ecology of the 
peritrichs. Rammann(1953) noted that most species only underwent conjugation 
at one particular time of the year. This was usually in the summer when 
a specific combination of environmental conditions existed. Since . 
conjugation in peritrichs results in the production of seven daughter cells 
from each conjugating pair, a sharp increase in the abundance of the 
particular species occurs. Seasonal factors also influence the number of 
predators present in the river such as carnivorous gymostomes, suctorians 
and various invertebrates which in t urn would have a significant effect on 
the number of peritrichs isolated. During the summer period there was also 
an overall decrease in the depth of the river and Hammann(1953) has 
shown that, over a range of 0- 250 cm, depth has a significant 
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effect on the distribution of the peritrichs. However, at two of 
the sites Wotton (site 2) and Abinger (site 3) the river was only 
about 10 cm deep and seldom varied throughout the period of 
sampling. Therefore, in order to standardise this parameter, all 
samples were taken 10 cm below the surface so variations due to 
depth changes should not have affacted the results. 
Odum (1959) stated that "the mechanism behind the ebb and 
flow of population size is a fascinating and largely unresolved 
problem in ecology" and he cited several intrinsic biological 
factors such as predation, disease, and growth cycles which may be 
responsible. However, in many of the studies which have been made 
both on microorganisms and higher plants and animals, there is 
frequently an underlying annual variation and this appears to be 
controlled principally by extrinsic non-biological factors such as 
climate. Ricklef s (1973) confirmed this, stating that "biological 
activity on all levels either directly or indirectly reflects 
seasonal changes in climate". In the case of the ciliates there 
has been some disagreement over the effect that these seasonal 
variations have on their distribution in terms of the density 
and diversity of species isolated. For example Crozier (1923) 
and Wang (1928) both established an inverse relationship between 
species diversity and the number of individuals present in a 
given environment whereas Lackey (1938a), from his study of a 
North American pond, reported no significant change in the number 
of species isolated over an entire three year period, although the 
number of individuals present tended to increase and decrease 
according to the rise and fall in temperature. The present study 
failed to confirm either of these findings with both the species 
density and the species diversity of the peritirchs rising in the 
summer and falling in the winter. Whether this is a condition 
specific to peritrichs is not known due to the paucity of information 
available on the subject of peritirch ecology and until further 
-116- 
studies are made, the -problem will remain unresolved. 
The peritrich community of the . liver Tillingbourne also showed a 
distinct stýa. tial distribution with variations in its component species 
being observed down the length of the river. These variations were 
probably the result of a combination of changing physico-chemical and 
biological factors such as the increase in nutrients collected from 
the drainage basin, increasing pH, and increasing Ca++, K+ and salt 
levels. Odum (1959) reported that changes such as these are usually 
more pronounced in the upper part of streams because the gradient, 
volume of flow, and chemical composition change most rapidly in this 
region. As a result of this, he estimated that communities probably 
vary more in the first mile of a river than in the last fifty miles. By 
referring to graph 5, it can be seen that this is indeed the case for 
the peritrichs of the Tillingbourne. Horbrough & Taft (1982) noted a 
similar change in the species present at various locations down the 
length of the Tillingbourne and cited an increase in eutrophication along 
with a subsequent loss of intolerant groups as being the main cause. In 
one of the few studies made specifically on peritrich ecology, Finley & 
McLaughlin (1963) showed that in an artificial lake system, there was a 
strong correlation between numbers of peritrichs and levels of dissolved 
02 and K+. From the results of the present study, it was not possible 
to make definite correlations of this nature although slight increases in 
the levels of both dissolved 02 and K+ along with an overall increase in 
peritrich numbers were observed down the length of the river as far as 
Gomshall. 
In terms of both frequency and overall abundance, C. polypinum 
was the dominant peritrich species down the entire length of the 
Tillingbourne with the exception of site I. It frequently developed 
large, arboroid colonies which often formed a canopy over the 
substrate, possibly to the exclusion of other potential colonisers. 
There are several possible explanations for the success of 
C. 
_y 
polam such as the ability of individual branches of the 
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colony to contract independantly allowing the remainder of the 
colony to continue to feed, its tolerance of a wide range of 
physical and chemical conditions (Bick, 1972), and a cosmopolitan 
distribution over a variety of substrates enabling it to readily 
colonise any fresh substratum (e. g. microscope slides and petri 
dishes) placed nearby. Whatever the reasons, it is significant 
that C. polypinum was never found at sampling site 1, and this may 
possibly have been due to acidic conditions which prevailed here 
throughout the year. Bick (1972) reported the pH tolerance range 
of C. polypinum as 6.4 - 8.3 whereas the mean pH at Warren Plantation 
was only 4.2. 
The two next most successful peritrich species were Vorticella 
campanula and V. convallaria both of which appeared to tolerate a 
wide range of ecological conditions and were regularly isolated all 
along the river throughout the period of sampling. Unlike C. polypinum 
both were found at Warren Plantation despite their reported pH 
tolerance ranges of 6.9 - 9.0 for V. campanula and 5.5 - 9.0 for 
V. convallaria (Bick, 1972). It is interesting to note that the 
distribution patterns of these two species were very similar, 
often showing simultaneous rises and falls in numbers, This may 
simple have been due to V. cam` and V. convallaria preferring 
similar ecological conditions and responding to changes in these 
conditions accordingly. Lackey (1938b) also noted this strong 
similarity in the distribution patterns of V. campanula and 
V. convallaria and suggested that these may be some form of inter- 
specific association between the two although he did not speculate 
as to the nature of this association. During the course of this 
study, it was also noticeable that both of these species, and also 
Pseudovorticella monilata the third most abundant of the solitary 
forms, all have a tendancy to form pseudocolonies. In some 
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cases , these pseudocolonies were very large consisting of several 
hundred individuals. Certainly none of the more isolated solitary 
forms were nearly as successful in terms of number or frequency. 
Spoon (1974) suggested that the formation of pseudocolonies may 
improve the chances of survival by enhancing feeding efficiency, 
surface dominance, conjugation and predator avoidance. The 
observations made here tend to confirm this view. The occurrence 
of the other species of Vorticella in the Tillingbourne was often 
so spasmodic and in such low numbers that it was difficult to make 
any definite conclusions concerning their ecology. Perhaps one 
notable exception was V. communis which was the dominant species 
at sampling site 1 and may prove to be a useful indicator of the 
conditions which prevail there. Further studies would need to be 
made to confirm this. 
The numbers of colonial species were seen to fluctuate 
substantially over very short periods of time and this is perhaps 
best illustrated by the distribution patterns of Campanella umbellaria, 
Episstvls plicatilis and Carchesium polwinum at Wotton (s*pling site 
2) between May and September. From this it was concluded that strong 
competition existed between the three with each enjoying a brief 
period of dominance before being replaced by one of the other two. 
In situations such as this where large numbers of individuals are 
involved, it is probably the competition for food which is the 
overriding factor (Noland, 1925). During the winter months, such 
intense competition did not seem to occur and several species almost 
disappeared. Cyst formation may have been an important feature in 
the survival of these forms. 
Among the loricate pertirichs, numbers tended to remain 
relatively constant throughout the period of sampling while the 
distribution of their stalked counterparts showed sudden peaks and 
troughs. This pattern was also observed by rätsch (1974) in her 
study of freshwater 'aufwuchs' ciliates. There are several 
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possib-e explanations for this, the most likely being that the 
loricated forms are comparatively well protected against predation 
and therefore do not have to produce such large numbers to ensure 
survival. 
As indicated earlier for Carchesium polypinum and Vorticella spp., 
there was a distinct spatial distribution of various peritrichs 
down the length of the river. This was particularly noticeable 
among the less numerous loricate forms and the colonial species. Of 
these Epistylis plicatilis. Opercularia nutans and Campanella 
umbellaria were found in greater abundance in the more acidic 
stretches of the river near its source while Zoothamnium hentscheli, 
Vaginicola crystallina and Oahrydium sessile and 0. versatile were 
found exclusively in the more alkaline conditions further downstream. 
In their study of the peritrich communities of two ponds, one slightly 
acidic and one alkaline, Finley and McIaughlin (1963) reported 
identical distribution patterns for these species. 
From the results of this and previous studies on ciliate ecology, 
it is apparent that there are numerous factors which may, either 
directly or indirectly, influence the constituents of the observed 
communities. In the past, there has been some disagreement over 
which of these factors are the most important; Noland (1925) and 
Finley & McLaughlin (1963) considered the availability of food to be 
the primary requisit of peritrichs in nature while Spoon (1977) 
was of the opinion that predation is the most important parameter, 
arguing that a species must develop the ability to avoid predator 
pressure before it can compete for food and space. Stout (1956) 
on the other hand identified the concentration of dissolved CO2 
as the "primary adverse factor and chief factor to distinguish 
pollution from non-pollution species (of ciliates)". Whichever 
is found to be true, it is apparent that many parameters influence 
the distribution of peritlrchs in nature and definite conclusions 
concerning their ecology should be made with caution until more 
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quantitative data is available. 
The findings of this study may also serve to highlight the 
possible value of peritrichs as indicators of water quality in terms 
of both the density and diversity of species present. For example 
at Warren Plantation (site 1), which has been classified as being 
xenoisaprobic (table 5), minimum values of species density and 
diversity were recorded whereas at sites 2-6 (oligo- to 
6 n©sosaprobic) there was a significant increase in both density and 
diverbity (see graph 5). Furthermore, several of the peritrich 
species isolated have previously been designated as saprobic 
indicators and again, these were found to be almost exclusively oligo- 
to ß-mesosaprobic types (see species descriptions). On the basis of 
these results, it was concluded that the Tillingbourne is very clean 
and xenosaprobic near the source but slight eutrophication downstream 
gives rise to rather less clean oligo- to $-mesosaprobic conditions. 
By using a range of analyses commonly employed for monitoring 
water quality, such as the saprobic index, BOD5, coliform count, 
psychrophylic bacterial count, Chandler score, Trent Aver Board 
Biotic Index and macroinvertebrate studies, Horbrough & Taft (1982) 
defined the Tillingbourne as a clean grade 1A and IB river according 
to the Department of the Environment 'Rivers Pollution Classification 
Scheme'. This confirms the findings of the present study $ eoting 
that in this instance, the peritrich communities were accurate 
indicators of the water quality. 
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Chapter Three 
S. E. M. Studies of Peritrich Zooids 
IINTR0DU0T10N 
Surface structures have long been recognised as important taxonomic 
characters amongst the peritrichs (Noland & Finley, 1931) and with 
improvements in methods of light microscopy, particularly Nomarski 
optics and silver staining, and the development of TFM, these surface 
structures can be studied in great detail. However both of these 
techniques have their drawbacks; the light microscope is restricted 
by its magnification range, resolution and depth of focus while ThM 
preparations are time consuming and tedious and require numerous 
serial sections to be made at a known orientation. Therefore, SEM 
with its depth of focus, magnification range and great flexibility is a 
valuable tool for the study of surface structures. 
In the pioneering work of Small & tianganathan (197C), an all too 
brief introduction was given to the value of surface topographic features 
in peritrich taxonomy. Using SEM in a study mainly concerned with the 
identification of free-living ciliates from polluted waters, they 
suggested that annular striations together with pellicular pores form 
the basis by which species could be distinguished and went on the show 
the variability of these species specific patterns in closely related 
members of the group. Subsequent studies by Lagon (1971) working with 
Carchesium polypinum, Finley, ianganathan & Small (1972) on the stalkless 
Telotrochidium, and Barlow & Finley (1976) investigating four species 
of Vorticella using SEM to determine morphological differences between 
them, all largely failed to record the topographic detail suggested by 
Small & Nanganathan (1970). The underlying reason for this is quite 
clear. Due to the innate contractility of these organisms, most if not 
all specimens processed for SEM were subject to gross morphological 
distortion when brought into contact with toxic fixatives, and 
consequently most surface features were lost. Therefore, if useful data 
is to be obtained from SEM studies, it is clearly essential that relaxed 
organisms are examined and that all such specimens should be relaxed to 
the same extent if comparative studies are to be undertaken. 
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II MATERIALS AND NL TH0D6 
A. RELAXATION OF PERITRICHS 
A wide range of methods commonly employed either for the quiescence, 
or for anaesthetising various protozoa were tested in order to relax 
peritrich cells. Three species were used in this study, Carchesium 
fpolypinum, Campanella umbellaria and Vorticella campanula. These were 
collected on glass slides and coverslips from the River Tillingbourne 
using the method given on page 46. After each treatment, a gentle 
mechanical stimulation was applied to the peristomial region of the zooid 
to see if relaxation had been achieved. If the cells failed to contract 
they were fixed in r'arducz's solution and re-examined. If they were still 
extended, they were prepared for SEM examination. 
i. Habituation from Jennings (1903) and Taylor & Chiszar, (1976). 
Jennings (1903) observed that repeated mechanical stimulation of 
Vorticella resulted in a progressive loss of contractility due to 
'physiological changes' within the organism. Method: 
1. Place coverslip carrying the specimens in a petri dish 
containing phosphate buffer (pH 7.1). 
2. While observing under a low power dissecting microscope, 
stimulate the individuals to contract by repeated touching 
with a thin glass rod. 
3. Continue until the cells cease to respond. 
ii. Menthol from Kaplan, (1969) and Smaldon & Lee (1979). 
Menthol has been found to relax some contractile organisms. Method: 
1. Place coverslip with cells attached in a small dish along 
with a few drops of distilled water. 
2. Add one or two small crystals of menthol. 
3. Relaxation should occur in 5- 15 minutes. 
iii. Methyl cellulose from Kaplan, (1969) and Smaldon & Lee, (1979)" 
Methyl cellulose has been used to restrict the activity of many protozoa, 
especially ciliates and flagellates. Method: 
1. Prepare a 10% aqueous solution of methyl cellulose (w/v). 
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2. Place coverslip carrying the specimens onto a microscope 
slide and examine as a temporary mount in one drop of 
the above solution and one drop of water. 
3. Observe constantly until organisms have been immobilised. 
iv. Procaine hydrochloride from epak & Cribbins (1966). 
Using this technique, Repak & Cribbins (1966) found that entire 
cultures of peritrichs grown in petri dishes could be relaxed prior to 
silver staining. It is thought that procaine replaces calcium at the 
membranýionic sites (Kuperman et a1 1968). Method: 
1. Decant off culture medium. 
2. Narcotise by flooding dish with a cold (5 - 10°C) mixture 
of 0.19. ' (w/v) procaine HC1 (BDH) in 10% methanol (v/v). 
3. Contractions should cease in about 5 minutes. 
v. iiousselet's solution from Hobbs & lang (1964) and lantin (1969). 
Hobbs & tang (1964) found that several peritrich species could be 
relaxed prior to silver staining using this technique. Method; 
1. Rousselet"s solution, which must be used freshly made, was 
prepared by mixing 2' cocairý HC1 (BDH), 90%b h; tOH and 
distilled water in the ratio 3: 1: 6. 
2. Prepare a 3% solution of 11202. 
3. Place coverslip with cells attached into a petri dish 
containing the Rousselet's solution. 
4. Observe under low power dissecting microscope. When stalks 
have ceased to contract, add H202 drop by drop until zooids 
are relaxed. 
5. Fix in Parducz's solution while cilia are still beating. 
vi. Tobacco smoke from Kaplan, (1969) and Smaldon & Lee, (1979)" 
The nicotine present in tobacco smoke has been shown to have a 
narcotising effect on both ciliary action and contraction processes. Method: 
1. Fill a short tube with tobacco smoke. 
2. Invert and place over coverslip carrying the specimens in 
a drop of water. 
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3. Observe with a low power dissecting microscope and remove 
tube when narcotisation is complete (25 - 60 seconds). 
Alternatively, the tobacco smoke may be bubbled through 
water containing the specimens. 
vii. Butacaine from Smaldon & Lee, (1979). 
1. A range of concentrations of butacaine (SIGMA) were 
tested; 0.1%, 0.0 1,0.02% 0.0125 and 0.006% (w/v). 
2. Place coverslip carrying the specimens in a petri dish 
with a few drops of test solution. 
3. Remove coverslip when cells are relaxed. 
viii. Atropine from Smaldon & Lee, (1979)" 
Method as for butacaine (above) except atropine sulphate (SIGMA) 
is substituted for butacaine hemisulphate. 
ix. Sodium iodide from Kaplan (1969) and Smaldon & Lee, (1979). 
Sodium iodide has been successfully applied in the relaxation of a 
variety of contractile ciliates including Stentor spp. It is thought to 
inhibit myoneme function (Kaplan, 1969). Method: 
1. Prepare a 10% solution of sodium iodide (w/v). 
2. Place coverslip carrying the specimens in a petri dish 
containing the above solution. 
3. Remove when cells are relaxed. 
x. Nickel sulphate from Kaplan, (1969) and Smaldon & Lee, (1979). 
Nickel sulphate is widely used to slow down both flagellar and 
ciliary activity. Method: 
1. Prepare a 0.05 - 1.0% aqueous solution of NiSO4 (w/v). 
2. Place coverslip carrying the specimens onto a microscope 
slide as a temporary mount with a drop of water. 
3. Place a drop of the NiSO4 solution at one edge of the 
coverslip and draw beneath by capillary action. 
4. Observe for up to 15 minutes, adding extra NiSO4 if 
necessary. 
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xi. Magnesium chloride from Smaldon & Lee, (1979). 
Magnesium chloride (Mg(; 12.6H20) has frequently been cited as a method 
for narcotising a variety of protozoa. Method: 
1. i'repare a 0.1%o aqueous solution of NgC12 (w/v). 
2. Place coverslip carrying the specimens on a microscope 
slide as a temporary mount with a few drops of water. 
3. Place a drop of 0.1% MgCl 2 at one edge and 
draw beneath 
the coverslip by capillary action. 
4. Observe for 5- 15 minutes, adding more MgC12 if necessary. 
xii. Magnesium sulphate from Small & hanganathan, (1970). 
Small and rianganathan (1970) reported that peritrich zooids could be 
sufficiently relaxed in MgSO4 to prevent them from contracting on being 
fixed for SEM examination. Method : 
1. Prepare a 0.5 - 1.0% aqueous solution of MgSU4 (w/v). 
2. Place coverslip with cells attached in a petri dish 
containing the above solution. 
3. Observe at regular intervals for 20 minutes. 
xiii. Copper sulphate from Kirby, 1950; Zagon, (1971). 
By pretreating with CuSO 4' Zagon (1971) successfully relaxed the 
stalk of Carchesium ppolypinum for SEM examination, Method : 
1. Prepare a 0.05 - 0. aqueous solution of CuSO4 (w/v). 
2. Place coverslip with cells attached into a petri dish 
containing the above solution. 
3. Observe for 5- 15 minutes until relaxation is achieved. 
xiv. EDTA from Levine (1956). 
Levine (1956) reported that the calcium chelating agent EDTA 
(ethylene diamine tetra-acetic acid) prevents glycerinated stalks of 
Vorticella from contracting. Method: 
1. Prepare a fresh 4 mM aqueous solution of EDTA. 
2. Place coverslip with cells attached into a petri dish 
containing the above solution. 
3. Observe for 5- 15 minutes. 
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xv. EGTA (ethyleneglycol bis (B-aminoethyl ether)-N, N'-tetra- 
acetic acid), from Amos (1971) and Huang & Atelka (1973). 
Method : 
1. Prepare a fresh 5 mM solution of EGTA (BDH) in 50 - 80 mM 
Tris, pH 7-1- 
2. Place coverslip with cells attached into a petri dish 
containing the above solution. 
3. Observe relaxation after 10 - 20 minutes. 
xvi. lanthanum chloride from Langer & Frank (1972). 
langer & Frank (1972) have shown that contractile tension in rat. 
heart cells is abolished in the presence of the trivalent cation, lanthanum 
(Lam). The lanthanum ions are thought to act as uncoupling agents for 
the calcium ions, on which the contractility of the cell depends, bound 
to the basement membranes. Method: 
1. A range of concentrations of iaC13 (1 mM, 0.5 uM, 0.125 mm 
and 0.0625 mm) in 3 mil Hepes buffer were prepared. 
2. A coverslip carrying the specimens was tlaced in a petri 
dish containing the 1 mM LaC13 solution. 
3. The cells were observed at regular intervals for up to 
4 hours to check for contractability. This process was 
repeated for each concentration. 
xvii. Chlorbutol from Randolph (1900), Cole & Richmond (1925) and Legrand (1968, 
Chlorbutol, (1,1,1 - Trichlero -2- methyl - propan -2- ol), 
also known as chloretone, is a tertiary chlorinated alcohol which has long 
been used as an anaesthetic in higher animals (. iandolph, 1900). Legrand 
(1968) reported that the contractile ciliate Spirostomum could be relaxed 
by using a weak solution of chlorbutol. Method: 
1. Prepare a fresh 0.12% aqueous solution of chlorbutol (BDH). 
2. Place coverslip carrying the specimens into a Petri dish 
containing the above solution. 
3. In 5- 15 minutes, cells cease to contract. Fix in 
i'arducz's solution before cilia stop beating. 
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Two other chlorinated alcohols were tested, 2-chloroethanol (BDxl) 
and 2.2.2. trichloroethanol (BDH). A range of concentrations were used 
for each; 1.10,1.11%, 1.12%, 1.13%, 1.14% and 1.15%. The procedure 
used was the same as that for chlorbutol. 
xviii. Cytochalasin B from Legrand (1972) and Tolloczko (1980). 
The cytochalasins are a group of fungal metabolites which have an 
inhibitory effect on a variety of cell function processes. 
1. Prepare a solution containing 50 j. ig. l-l of cytochalasin B 
(BDH) in 1% DMSO (dimethyl-sulphoxide). 
2. Wash coverslip carrying the specimens in 2 mM phosphate 
buffer (pH 7.1). 
3. . lace coverslip in petri dish containing the cytochalasin 
B solution and observe at regular intervals for uy to 3 
hours. 
xix. r: GTA and chlorbutol. 
For some peritrichs, i. e. small Vorticella species, a combination 
of chlorbutol with an EGTA prewash was used. Method: 
1. Prepare a fresh aqueous solution of 5 mM EGTA. 
2. Prepare a fresh aqueous solution of 0.11% chlorbutol 
(BDH) (w/v). 
3. Place coverslip carrying the specimens into a petri dish 
containing the EGTA solution and leave for 5 minutes. 
4. Transfer coverslip into petri dish containing the 
chlorbutol solution. 
S. Relaxation occurs in 5- 10 minutes. Fix in Parducz's 
solution before cilia cease to beat. 
B. SCANNING EIECTRON MICROSCOPY (SAM) . 
SEM was employed to examine the surface topograehy of three 
peritrich species, Carchesium polypinum, Campanella umbellaria and 
Opercularia nutans. Both relaxed and unrelaxed cells were examined. All 
specimens were collectd from the diver Tillingbourne on 13 mm diameter 
coversslip s (CHANCE PROFFER No. 1). 
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Coverslips with cells attached were; 
1. Washed in 2 mM TkÜ S buffer at PH 7.6 at 20°C. 
2. Fixed in Parducz's solution for 10 minutes (6 parts osmium 
tetroxide: 1 part saturated mercuric chloride - t'arducz, 
1967). 
3. Washed in 2 mM T; 3I3 buffer, pH 7.6, for 2. minutes. 
4. Dehyrated through a graded series to absolute ethanol: 
3%, 5a7,7GQ, 80%, 90% and two changes of 100% ethanol - 
20 minutes in each. 
5. Brought to acetone via a graded series; acetone; ethanol, 
25: 75,50: 50,75: 25 and 100% acetone - 20 minutes in each. 
6. Critical point dried from carbon dioxide (POLAAON critical 
point dryer). 
7. Coated with gold palladium (. L'OiAi ON SEM unit E500) for 
3x 30 seconds. 
II. Viewed in a CAMBraDGE 5180 Stereoscan at 15 Kv accelerating 
voltage. 
C. MEMBRANE REMOVAL TECHNIQUES 
In order to conduct topographic pattern analyses of peritrich ciliates 
by SEM it was necessary to remove the outermost pellicular membrane prior to 
examination. Three methods were employed using the colonial forms 
Carchesium polypinum and Campanella umbellaria. 
i. Ion Beam Etching. 
Ion beam etching is a precise method of removing thin layers of 
material from a specimen in a stream of argon ions, the degree of 'thinning' 
being controlled by the length of exposure to the ion stream. Specimens 
were : 
1. - 6. Prepared as for SEM. 
7. Treated in a dual direction ion beam etching device 
(IONTECH, Teddington) for periods of 2,3,5 and 10 
minutes.. 
8. Coated with gold-palladium 3x 30 secs and examined 
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in a CAMBRIDGE 5180 Stereoscan at 15 Kv accelerating 
voltage. 
ii. EDTA-EtOH-CaCl2 solution (Grim, Halcrow & Harshbarger, 1980). 
Grim et al (1980) described a chemical method for removing the 
pellicles of Tetrahymena pyriformis and Euplotes eurystomus in order to 
examine the underlying microtubules of the ectoplasm. This is a modification 
of a technique originally designed for the removal of cilia (Gibbons, 1965). 
Method: 
1. A solution of 0.1% EDTA (ethylene-diamine tetra-acetic 
acid in 10% JtOH (v/v) was prepared. 
2. The coverslip carrying the specimens was transferred 
into a petri dish containing 15 ml of the above solution. 
3. After 1 minute, three drops of 1M CaCl2 were added and 
the zooids were drawn gently in and out of a micropipette 
repeatedly to produce a shearing force. 
4. Cells were fixed in Parducz's solution then prepared as 
for SEM (p. M steps 3- 8). 
iii. Nonidet IJ-40 (Dentler, 1980). 
Nonidet P-40 is a non-anionic detergent which was used by Dentler 
(1980) for stripping away ciliary membranes in Tetrahymena. Method: 
1. A 0.02% aqueous solution of Nonidet Y-40 (BDH) was 
prepared. 
2. The coverslip carrying the specimens was placed into 
a petri dish containing the above solution and incubated 
at 4°C for 5- 10 minutes. Specimens were agitated at 
frequent intervals by drawing zooids gently up and down 
a micropipette. 
3. Cells were fixed in Yarducz's solution and then prei-gyred 
as for SEM preparation (p. ], 3B, steps 3- 8). 
D. TRANSMISSION ELECTRON MICROSCOPY (TEM). 
TEM was employed to determine the effect of chlorbutol relaxation 
on the zooids of Carchesium polypinum at the ultrastructural level. Cells 
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were collected from the Aver Tillingbourne on lj mm diameter coverslips 
(CHANCE PROYtbi3 No. 1) and then either relaxed with ch: iorbutol or left 
untreated. In order to facilitate orientation during sectioning, a 
sandwich method for embedding, based on Smith, Gray & Mackay (1969), was 
employed. The coverslips with cells attached were. 
1. Washed in 2 mN TFIS buffer at pH 7.6 at 20°C. 
2. Fixed in 2.5J gluteraldehyde for 30 minutes. 
3. Washed in 2 mM TRIS buffer, pH 7.6, for 2 minutes. 
4. Dehydrated through a graded series to absolute ethanol: 
3c, 50%, 7c, 80%, 90% and two changes of 100jo ethanol - 
20 minutes in each. 
5. dashed in toluene (10 seconds), which acts as a transfer medium. 
6. -laced in a 50: 50 mixture of toluene and Durcu, an resin ACM 
(EM 5001L) for. 8- 12 hours at 20°C. 
7. Transferred to pure Durcupan resin for 4 hours. 
8. Embedded in fresh Durcupan resin for 24 hours at 60°C. 
9. The coverslip was removed by circumscribing with a sharp scalpel 
point and )lunging into liquid nitrogen and boiling distilled 
water for 2 seconds alternately. The coverslip was discarded 
leaving the cells in the resin. 
10. Cells wereI -embedded as a sandwich in Durcupan resin for 24 hours 
at 60°C. 
11. Silver sections were cut on a diamond knife, stained with uronyl 
acetate and lead citrate, and viewed in an &I 6B transmission 
electron microscor-e at 60 Kv accelerating voltage. 
III RESULT S 
A. RELAXATION OF i-EAIT. tICHS 
Following each treatment, zooids were stimulated by gently prodding 
the peristomial region with the end of a micropipette. Their reactions 
were observed by viewing under a dissecting microscope. Cells which 
failed to contract were then fixed in Parducz's solution and re-examined. 
-131- 
If the cilia were projecting from the peristome in their normal feeding 
position, the zooids were considered to have been successfully relaxed. 
1. Habituation. repeated mechanical stimulation resulted in 
an apparent loss in the contractile response 
but on fixation both zooids and stalks 
contracted. 
2. Menthol. No apparent effect; cells continued to contract 
normally. 
3. Methyl cellulose. Cells remained contractile. 
4. Procaine HCl. Stalks successfully relaxed but zooids 
remained contracted. 
5. Rousselet's solution. All cells remained contractile. 
6. Butacaine. No apparent effect, cells remained contractile. 
7. Atropine. Both stalks and zooids remained contractile. 
8. Tobacco smoke. No apparent effect, cells continued to contract 
normally. 
9. NaI. Some stalks remained extended but all cells 
contracted on fixation. 
10. NiSO4. All cells remained contractile. 
11. Mg(, 'l2. A reduced contraQile response in the stalks 
was observed but zooids continued to contract. 
12. CuSO4. CuSO4 appears to be toxic to peritrichs; all 
cells contracted and eventually lysed. 
14. EDTA. Stalks relaxed but zooids remained contracted. 
15. EGTA. 
- it 
16. La. Cl2. Cells remained contractile, apparently 
unaffected. Prolonged exposure resulted in 
cell death. 
17. Chlorbutol. At specific concentrations both stalks and 
zooids were relaxed; for Carchesium polypinum 
and Campanella umbellaria treating with 0.12% 
chlorbutol for 10 minutes was usually adequate. 
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Even when fixed in Parducz's solution, cells 
remained fully extended. 
18. EGTA prewash and 
chlorbutol treatment. For species of Vorticella, a prewash in EGTA 
followed by treatment with O. ll% chlorbutol 
for 10 minutes produced relaxed cells which 
could be fixed without contracting. 
19.2. chlorethanol. Cells apparently unaffected and remained 
contractile. 
20.2.2.2. Trichlorethanol. Reduced speed of ciliary activity but both 
stalks and zooids remained partially contractile. 
21. Cytochalasin B. Cells retained their contractility. 
It can be seen from these results that almost all of the methods 
employed had either no apparent effect, or were toxic to the cells, resulting 
in irreversible contraction and death. Some degree of stalk relaxation was 
obtained with the calcium-chelating agents EDTA and EGTA but again the 
zooids remained contractile. Only with one compound, the chlorinated 
alcohol chlorbutol, were the zooids considered to have been successfully 
relaxed. 
During the course of the investigation it was found that both the 
concentration of chlorbutol and the time of immersion were critical to the 
success of the technique. Higher concentrations resulted in immediate and 
irreversible contraction of zooids whexem lower concentrations were not 
sufficient to relax the cells. If immersion times were exceeded beyond 
the point of relaxation, zooid drop usually occurred, the zooids parted 
from the stalks and quickly died. To ensure that point was not exceeded, 
cells were subjected to continual stimulation, once every sixty seconds. 
In general it was found that the larger the organism, the easier it was 
to relax. The species forming the large arboroid colonies, Carchesium 
poly inum and Campanella umbellaria, were found to be most responsive to 
chlorbutol whereas the solitary Vorticella species proved the most difficult 
to relax. On initial immersion all species underwent immediate contraction 
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but relaxation soon followed and oral cilia were again beating within 
30 - 60 seconds. There then followed a period of time when spontaneous 
contractions became few in number and the cell became unresponsive to 
mechanical stimulation. Oral cilia maintained their beating during 
relaxation, even to the point at which fixative was added, and metachronal 
waves were observed passing around the peristome. These waves of motion 
were easily observed as the speed of cilia beat was slowed down considerably 
by the relaxant. It is clear that the simple combination of relaxant and 
fixative could prove to be a valuable alternative to the elaborate 
techniques (Horridge & Tamm, 1969, Barlow & Sleigh, 1979) designed to 
preserve beat patterns in the study of metachronal wave formation. At 
com4lete relaxation both zooids and contractile stalks were held erect 
and peristomisl cilia appeared to be slowly beating. Cells still retained 
the ability to undergo complete recovery at this stage if placed into 
distilled water for approximately twice the length of time taken to relax 
them. Cells which had recovered in this way contracted normally and 
peristomial cilia regained usual beating speeds. Clearly the action of 
chlorbutol on peritrich ciliates is reversible, a situation also found 
in the spirotrich ciliate Spirostomum by Legrand (1968). 
B. ZOOID MORPHOLOGY AS REVKAIED BY SEM 
The preparation processes employed yielded clean, well fixed 
specimens with a high degree of reproducability. The cells were stable 
under the electron beam at accelerating voltages of up to 25 KV so all 
organisms could be examined at high magnification if necessary. 
Unrelaxed zooids of three peritrich species, Carchesium polypinum, 
Opercularia nutans and Campanella umbellaria, and relaxed zooids of two, 
0. golvAnum and C. umbellaria, were examined in detail. 
i. Carchesium polypinum, unrelaxed. 
Unrelaxed zooids of Carchesium polypinum contract on fixation to 
form a barrel shape with the peristomial lip folding inwards enclosing 
both the disc and the cilia (plate 15). The surface of the zooid is 
covered with transverse striations (T5) 0.16 - 0.18 }un wide which appear 
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Plate 15 
I 
Plate 15 
Carcheslum aolyplnum, Aand B, SEM of unrelaxed zooids. The outer Pellicular membrane (OPM) has 
been lost, revealing the transverse striations (TS) and Pellicular Pores (PP), 
as narrow ridges raised above the pellicle surface. The majority of 
these striations are arranged in a linear fashion and encircle 
the zooid 
in regular, parallel rows, but some are seen to fuse and 
diverge (plate 
l9a arrowed). Lying between the striations at various places all over 
the zooid are the pellicular pores (PP). These appear as circular elevations 
of the ellicle, 0.25 - 0.3 jim in diameter and each one possesses a 
minute, centrally located orifice. Small & ilainganathan 
(1970) described 
this as a "doughnut shaped" arrangement. The majority of the pores lie 
in close contact with the striations, sometimes on the adoral side 
(PP1, 
plate 19a) and other times on the aboral side 
(PP2, plate 19a) but 
occasionally a pore was observed, located in the depression mid-way between 
adjacent striations. There does not appear to be any distinct pattern to 
the arrangement of these pores, either in relation to the striations or 
over the zooid as a whole. 
About 3/4 of the way down the zooid from the peristome is the 
telotroch band (TB, plate 15) which is also known as the 'scopular ridge'. 
The telotroch band is 400 - 500 nm wide and consists of two or sometimes 
three ectoplasmic ridges, each one 150 nm across. The stalks of 
C. polypinum vary from 4- 12 }lm in diameter and may measure up to 1 mm 
in length. During preparation, the stalk sheath usually collapses 
throwing the surface into irregular folds and leaving the outline of the 
contracted myoneme clearly visible. 
U. Opercularia nutans unrelaxed. 
The contracted zooid of 0. nutans is roughly ellipsoidal in shape, 
its greatest width being in the central region of the body (plate . 
16). 
The peristomial lip is tightly contracted into an elongated collar-shape 
while the scopular region is thrown into a series of folds giving both 
ends of the zooid a tapered appearance. Frequently, the zooids of 0. nutans 
bend over on contraction and assume a characteristic nodding position 
(plate 16a). 
The zooid surface is covered with transverse striations (TS) which 
differ in appearance from those of C. polypinum being broader (0.42 - 
0.44 p. m across) and lying in much closer proximity to one another (about 
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Plate 16 
Plate 16 
Opercularia nutans, A, SEM of two unrelaxed zooids, B, High power SEM of zooid surface showing 
the transverse striations (TS), 
0.15 dim atart). The vast majority of the striations retain their linear 
arrangement but there are a few instances where they fuse and divide 
(plate 19b arrowed). This linear pattern is also preserved in the striations 
of the peristomial lip even in highly contracted forms, and the convolutions 
which are observed in this region for C. polypinum are not seen in 
0. nutans. No pellicular pores were observed in any of the specimens 
examined. 
The stalks of 0. nutans measure about 0.4 }im in diameter and up 
1 mm long. There are regularly spaced annulations at intervals of 50 - 
100 nm down the entire length of the stalk. These annulations are about 
25 nm wide and their diameter slightly exceeds that of the rest of the 
stalk. Otherwise, the stalk surface appears to be smooth. 
M. Campanella umbellaria unrelaxed. 
Plate 17a shows a high power SEM of the peristomial lip region of 
a contracted C. umbellaria zooid. It can be seen that the outer pellicular 
membrane (OPM) which normally covers the whole zooid surface has been lost 
revealing the underlying pellicular striations (GS). These striations 
resemble those of C. polytpinum in both appearance, with their regular 
outline, and size, measuring about 0.25 pm across. However, unlike those 
of C. polypinum, the striations of C. umbellaria are orientated both 
horizontally and vertically to form a reticulate or grid-like pattern. 
The distance between adjacent striations varies considerably from 1.5 - 
3.0 yin, so the pattern they form on the surface is not symmetrical. No 
pellicular pores were observed on any of the zooids examined. The stalks 
of C. umbellaria are straight with smooth surfaces, and measure 10 - 15 pm 
in diameter x up to 2 mm long. 
By immersing in 0.12% chlorbutol for 10 minutes immediately prior 
to fixation, it was found that colonies of C. Polypinum and C. umbellaria 
could be examined by SEM in their relaxed state. 
iv. C. polypinum relaxed. 
Relaxed zooids of C. polypinum have a characteristic inverted bell 
-shape with the widest point being the peristomial lip (plate 18a). 
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Plate 17 
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Plate 17 
Campanella umbellaria, A, SEM of peristomial region of an unrelaxed zooid, The outer nellicular 
membrane (OPM) has been lost revealing the grid-like Pattern of striations (GS), B, SEM of 
peristomial region of a relaxed zooid showing the pellicular tubercles (T), 
Plate 18 
Plate 18 
Carchesium polypinum. A, SEM of a relaxed zooid, B, Hinh power SEM of the neristomial lip. The 
outer Pel11cular membrane (OPM) has been nartially lost, revealing the transverse striations (TS) 
and pe111cuiar pores (PP), PM, peristomial membrane, 
The cilia, which are 30 - 3S }im long, are clearly visible above the lip. 
These are arranged in three rows but in plate 18a, the 3rd. or outer row 
(the 'haplokinety') is obscuring the two inner rows (the 'polykinety') from 
view. It can be seen that these cilia are completely independent and do 
not fuse at any point along their length with neighbouring cilia 
(plate 
18a and b). occasionally in SEM preparations, the peristomial lip is 
divided roughly in half by a furrow which causes it to fold and creates 
the appearance of double lip structure (plate 18a). 
The entire zooid of C. polypinum is seen to be covered by the outer 
, ýellicular membrane 
(OPM). This is stretched tightly over the pellicular 
striations giving the zooid a smooth appearance. Close examination of the 
surface at higher magnification shows that the striations are still barely 
detectable under the OPM and that the pellicular pores are visible as simple 
pits on the surface (plate 19b). In some areas of the zooid, parts of the 
Oi-M were lost, probably as a result of mechanical damage either during 
or after critical point drying. In these regions the underlying pores and 
striations are revealed (plate 19b). In plate 19 the surface of an 
unrelaxe, zooid with the OPM stripped away is compared directly with that 
of a relaxed zooid with its OPM intact. 
vi. C. umbellaria relaxed. 
C. umbellaria was also successfully relaxed with chlorbutol and 
plate 3(c) shows a fully extended zooid. This organism also has an 
inverted bell-shape but is slightly more cylindrical than C. polypinum. 
The peristome is fully open and the 42 rows of cilia which encircle the 
peristomial disc are clearly visible. The chlorbutol treatment has also 
slowed down the ciliary beat sufficiently to allow the metachronal wave 
-patterns to be preserved. 
As with C. Polypinum the entire zooid is covered by an outer 
pellicular membrane so the reticulate striations observAd on contracted 
specimens (plate 17a) are no longer visible. It can be seen that the 
surface of the relaxed C. umbellaria zooids are not perfectly smooth but 
are furnished with numerous rows of small pellicular tubercles and plate 
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Plate 19 
Plate 19 
Carchesium aolvpinum, A, SEM of the surface of an unrelaxed zooid, The outer rellicular membrane 
has been lost revealinn the transverse striations (TS) and pellicular Pores (PP), B, SEM of the 
surface of a relaxed zooid. 
17b shows a high ! over SEM of these tubercles (T) on the peristomia_L lip. 
Each tubercle measures approximatley 1.5 - 3.5 )am x 3.0 }im and is elevated 
above the ; pellicle in the form of a low dome. As with the unrelaxed zooids 
pellicular pores were absent. 
C. REMOVAL OF THE UUTi i- P1 LLICULA. l P1E, 1w, BitANE (0PNNN 
All three attemiits to remove the GPM while leaving the rest of the 
pellicle intact were largely unsuccessful. With both the chemical-based 
methods, (Nonidet P-40 and EDTA/EtUH) extensive zooid drop occurred with 
all zooids becoming detached from their stalks even after short exposure 
times. Ion beam etching also failed to remove the OfM satisfactorily since 
the erosion process was not uniform with some areas of the zooid left 
completely intact while in others, both the uFM and underlying pellicular 
structures were abraided. 
D. LFI , `T OF CHWi. BUI'OL . 'EiAXATION AS n: ýVi:; A. i D BY TEM 
In order to determine the effects of chiorbutol at the ultrastructural 
level relaxed and urrelaxed zooids of C. umbellaria were sectioned and 
examined by TEM. Plate 20a shows a longitudinal section through the 
pellicular region of a relaxed zooid and several characteristic peritrich 
features may be seen. The pellicle is folded into epiplasmic ridges at 
regular intervals to form the pellicuiar striations. Just below the : eak 
of each ridge is an electron dense fibre (EDF). The zooid is bound by 
the peiiicle membranes (PM) and the 3rd. or outer of these is still. largely 
intact lying over the epiplasmic ridges. Below the pellicle are the 
membrane myonemes (MM) which are composed of bundles of filaments and 
microtubules. Sections of unrelaxed zooids were essentially similar to 
those of relaxed zooids with the exception fo the OPM which was invariably 
missing in the former. No structural differences were observed between 
the myonemes of the two. 
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Plate 20 
Campanella umbellaria, relaxed zooid, A, TEM of pellicle region, L. S. The Process of relaxation 
has not disrupted the structure of the membrane mvonemes (MM). B, diagrammatic representation of 
(a). EDF, electron-dense fibre: MM, membrane mvoneme: PM, Pellicle membranes. 
~ý 
Yý, 
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IV D 
A. R LAXATION METHODS 
The development of the SEM has enabled surface structures of 
microorganisms to be studied in detail for the first time, although 
naked protozoan cells such as the _eeritrichs, 
which lack any form of 
supportive exoskeleton or cell wall, are frequently distorted during the 
process of preparation. The method of preparation employed in this study 
which consisted of fixation in Parducz's solution, followed by dehydration 
and critical ;, oint drying, consistently yielded well preserved specimens 
with minimal surface distortion. By relaxing the cells prior to fixation 
it has, for the first time, been possible to examine fully extended and 
undistorted zooids. The most successful of the relaxants was clearly the 
chlorinated alcohol ehlorbutol, and by pretreating peritrich cells with 
the appropriate concentration, both stalks and zooids could be fixed in 
an uncontracted state. 
The concentration of chlorbutol necessary to prevent contraction 
was found to be critical although it is not uniform throughout the group 
and varies slightly from species to species. If the concentration is too 
low, relaxation is not achieved even with prolonged exposure whereas if it 
is too high, a permanent contraction followed by cell death results. The 
sensitivity of ciiiates to minor differences of chlorbutol concentration 
has been apparent since it was first (unsuccessfully) used for narcotisinj 
Paramecium (Randolph, 1900). Cole & Richmond (1925) subsequently reported 
that by adjusting the concentration of chiorbutol to exactly 0.56%, 
iaramecium could be successfully narcotised. 
The precise way in which chlorbutol prevents cell contraction was 
unclear until Volonsky's (1933) investigation suggested that it interacts 
directly with the myonemes preventing them from functioning normally. 
Legrand (1972), working with the highly contractile heterotrich 
Spirostomum ambiguum, confirmed this to be the case. From his TEM 
examinations, Legrand (1972) observed that the myonemes of untreated, 
contracted cells have the normal arrangement of microfibrils and microtubules, 
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whereas in chlorbutol-relaxed cells, these myonemes are severely 
disrupted and their uitrastructurai integrity is completely lost. In 
C. umbellaria. TEM examinations of both relaxed and unrelaxed zooids 
did 
not reveal any differences of this tyre and even 
the myonemes of fully 
relaxed ceiis appeared to have retained their ultrastructure. Since 
the 
ex,. osure times were too short for complete solubilisation(as observed by 
iegrand, 1972) it was concluded that the probable action of chlorbutol is 
to disrupt the functioning of the myoneme. 
Other chlorinated alcohols had a different effect on the contractility 
of these organisms. Cells placed in 2,2,2-trichioroethanol at a 
concentration of 0.12% did undergo , aztiai relaxation over a 30 minute 
period but peristomiai cilia had almost stopped beating. Full relaxation 
could not be achieved in a urge proportion of cells. The a-iternative 
chlorinated alcohol, 2-ch-oroethanol, pioduced no re. ýaxation even after 
; "2olonged 
immersion at high concentrations. In contrast to the studies on 
S, )irostomum. it was found that cytochalasin B had no observable action on 
peritrich ciliates. All three sr-ecies retained their contractile properties 
after immersion for long periods in the antimitotic agent. The action of 
this drug on the contractility of SNirostumum mirrored the action of 
chioibutol in the study of iegrand (1968), re, -axation 
being observed after 
30 minutes. Similarly contractile responses of this species were 
inhibited after just five minutes contact in the studies of rittienne & 
Selitsky (1972). On the basis of observations made on a wide variety of 
ceii systems, it was originally thought that cytochalasin B is 
responsible for the specific disruption of microfilamentous proteins, but 
subsequent studies have shown that some microfilaments are totally 
resistant to the drug. Today a more circumspect evaluation of its mode 
of action on contractile systems prevails (Burnside & Iranasek, 1972; 
Carter, 1972) and it is thought likely that a disturbance of membrane 
integrity is of primary importance in the inhibitory effects recorded on 
cells, microfilament disruption being a secondary process. 
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B. S1MM. 
Many of the features described in previous SAM studies of 
peritrichs by Small & anganathan (1970), Zagon (1971), Finley et al 
(1972) and Barlow & Finley (1976) were also observed during the present 
study. The zooid surface of C. polypinum was seen to be furnished with 
pellicular pores and striations confirming the earlier findings of 
Small & iRanganathan (1970), Zagon (1971) and Foissner & Schiffmann (1974). 
The majority of these striations are linear and encircle the zooid in 
parallel, transverse rows. However, in some areas this regular arrangement 
is lost, the most noticeable example of this being around the peristome 
where the striations become highly convoluted. This phenomenon was also 
noted by Zagon (1971) who attributed it to the decrease in area that occurs 
in the peristomial region when the cell contracts. Similarly, fusion and 
divergence of striations was frequently observed in all parts of the zooid. 
Zagon's (1971) investigations showed these divergences and fusions to be 
confined to the region between the telotroch band and the )eristome. 
Since they did not seem to occur below the telotroch band, he suggested 
that the em; ýloyment of striations as a taxonomic feature should be 
confined to this area of the zooid. The observations made here would tend 
to contradict this view. Several workers (Meid, 1967; Foissner & Schiffmann, 
1974 & 1979; Davidson & Finley, 1972) have advocated the use of total 
numbers of striations as an important taxonomic character. 
Because of the fusion and divergence these values can only be determined 
with great difficulty. It is suggested that the number of striations per 
unit area in a defined region of the relaxed cell (e. g. immediately above 
the telotroch band)is perhaps a more reliable way of expressing this 
character. 
Pellicular pores were found to be distributed randomly all over the 
zooid surface of C. polypinum and their general size, shape and appearance 
correlates well with previous descriptions by Small & iianganathan (1970) 
and Zagon (1971). The function of these pores is not known although 
Noirot-Timothee (1968) considered them to be analagous to the parasomal 
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sacs and thus, possible sites of pinocytotic activity. Conversely, Small 
& Ranganathan (1970) suggested that they could be involved with mucus 
secretion. Zagon (1971) noted that the pores of C. polypinum do not 
vary in either appearance or dimension during any of the different stages 
of the life cycle, and concluded that they are essentially stable structures. 
The pores are generally located in one of two positions with respect 
to the striations, either very close to a striation or mid-way between 
adjacent striations. Small & kanganathan (1970) described these as 
'marginal' and 'basal' respectively and proposed that pore location is a 
taxonomically significant feature among peritrichs. They went on to 
designate each of 10 peritrich species as either basal or marginal and 
among these, C. polypinum was listed as 'marginal'. However, during the 
present study, individual zooids of C. polypinum carrying both marginal 
and basal pores were found, while Zagon (1971) reported examples of pores 
located directly on top of some striations. From their silver impregnation 
studies of five peritrich species, Hobbs & Lang (1964) concluded that 
pellicular pores have no definite pattern of distribution with respect to 
the striations. The results of the SEM studies presented here would tend 
to support this view. 
The angle of elevation of the pellicular pores has also been cited 
as being of taxonomic importance since it was noted that the pores may be 
tilted at different angles in different species (Small & Rasiganathan, 
1970). However, the same authors also pointed out that the degree to which 
the zooid is contracted may alter the apparent tilt of the pore. This 
observation, allied to Zagon's (1971) report that both perpendicular and 
slanted pores may be found on any given zooid of C. pol inum, casts 
further doubt on the general taxonomic value of the pellicular spores. 
As part of their biometric study of the peritrichs, Foissner & Schiffmann 
(1974) included values for the number of pores per unit area. It is 
recommended that until more detailed studies have been carried out, the 
application of the pellicular pores to peritrich taxonomy should be 
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confined to this value alone. 
Approximately 3/4 of the way down the zooid from the peristome is 
the telotroch band which is the site of the aboral ciliary wreath in the 
telotroch. In C. -mlypinum, this band takes one of two forms; usually it 
consists of two parallel ectoplasmic ridges, each 150 nm thick and 100- 
200 nm apart. Less frequently a second type may be found which is 
essentially similar to the first except it has three ridges instead of two. 
The first evidence for the existence of two types of band came from Zagon's 
(1970) silver stain pre_arations. Here, each ridge is represented by a 
double row of kinetosomes and it was found that mature zooids of C. nolypinum 
may have either two or three of these double rows (Zagon, 1970 & 1971). 
It has been suggested that the variability of this structure may be related 
to the proliferation of the aboral ring of cilia (Zagon, 1970). 
Zagon (1971) also described several peli, icular structures on the 
zooid of C. polypinum which were not observed during the present study. 
Since these are also absent from silver stain preparations (Foissner & 
Schiff mann, 1974), they must be regarded as either transitory features 
or as artefacts resulting from the freeze-drying process. 
0percularia niitans and Campanelia umbellaria were studied here by 
SEM for the first time and it was found that these species differ in 
several respects, both from each other and from C. polypinum. The zooid 
surface of 0. nutans is furnished with transverse striations which are 
much broader and lie in much closer proximity to one another than those 
of C. Polypinum but are still arranged in a regular, linear pattern. From 
their silver stain preparations, Foissner & Schiffmann (1974) reported 
similar results. These striations tend to retain their regular arrangement 
even around the peristomial lip, whereas in C. polypinum they become 
irregular and convoluted in this area. This is probably due to the 
manner in which 0. nutans contracts, which is highly characteristic and 
results in an elongation of the lip combined with a decrease in its 
diameter to form a collar shape (Kent, 1880-82). By contrast the lip of 
C. polypinum simultaneously contracts and folds inwards over the disc with 
no vertical extension. -. 
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Pellicular pores were not observed on the surface of 0. nutans 
although their presence has been reported from silver stain preparations 
(Foissner & Schiff mann, 1974). It is possible that the pores are so 
small in comparison to the striations, and the striations lie so close 
to one another that the pores are obscured from view when examined by 
SEM. The tel. otroch band is also difficult to discern and again this may 
be attributed to the size and arrangement of the striations. 
SEM examination of the contracted zooid of C. umbellaria revealed 
that it differs significantly from both C. polypinum and 0. nutans in 
that the pellicle has longitudinal as well as transverse striations. 
These striations form a distinctive reticu, ate or grid-Ake pattern 
confirming the observations of Foissner & Schiff mann (1974) using si wer. 
impregnated specimens. It was from silver stained ; reparations such 
as these that reticulate striations were first described amongst peritrichs 
and on the basis of this feature Foissner & Schiffmann (1974) erected the 
genus Pseudovorticella. Reticulate striations have been described on 
one previous occasion using SEM (Barlow & Finley 1976) for an organism 
identified as Vorticella nebulifera (=Pseudovorticella sp. ). The genera 
size, appearance, and arrangement of the striations described by Barlow 
& Finley (1976) were very simi-Lar to those found on C. umbellaria. 
t'ellicular pores were not observed on the surface of C. umbellaria 
confirming the findings of Foissner & Schiff mann (1974) who were similarly 
unable to detect pores on silver stained ss: ecimens. From their SEM 
examinations, Barlow & Finley, (1976) reported the presence of pores on 
the surface of V. nebulifera (Pseudovorticellia sp. ) and described them 
as being located on "raised pelyicular areas". Unfortunately these pores 
were neither illustrated nor visible on the pn the published micrographs. 
Furthermore, all other peritrichs which have been shown to possess reticulate 
striations appear to be void of pellicular pores (Foissner & Schiffmann, 
1974 & 1979). Therefore, it would seem likely pores are absent in these 
organisms and what Barlow 4 Finley (1976) called 'pores' may have been 
artefacts caused by the preparation process. 
-150- 
With the single exception of Zagon (1971), who managed to fix a single 
C. polypinum zooid in the relaxed position, all . revious SEM studies of 
peritrichs have been made on contracted cells. Smali & rianganathan (1970) 
repo--ted that by pretreating peritrichs with a% aqueous solution of 
114304 relaxed zooids could be obtained. On subsequent SrJM examination 
bey found that the pe-_-icu. arr surface had been rendered too irreguýar 
for subsequent patte, n ana. ý-ysis. By pretreating with ch-orbuto1 it is 
now rossibie to obtain routinel y re-laxed specimens which show no signs 
of distortion. ie, axed cells differ in several respects from their 
contracted counterparts and these differences may be clearly illustrated 
when examples of each are compared by SEM. .. e! axed and unrelaxed zooids 
of C. Dol_ypinum and C. umbellaria were compared in this manner. 
When relaxed zooids of C. polypinum are examined by SEM, their 
characteristic inverted bell-shape and the prominent rows of cilia above 
the peristomial lip are revealed, both of which are consistent with : fight 
microscope observations (Bick, 1972; Curds, 1969; Stiller, L971). Also 
the individual cilia are seen to be quite separate from one another and 
so not fuse with adjacent cilia at any point. This confirms the previous 
observations of Zagon (1971) and is an im; ortant distinction in terms of 
both nomenclature and taxonomy. By contrast, in their SEM study of the 
stalkless Tel. ot: rochidium, Finley et al (1)72) found the cilia of the 
outer row to be fused dista_y and they inter;; reted this as proof that 
the rows of pe-ristomial cilia are, in fact, semi-membranes. They cited 
this as evidence for the existence of an analagous arrangement among 
the peritiichs geneia1. y, thus confirming the o-)inions origina-. iy ex, ressed 
some 50 years earlier by Noland & Fin-ey (193_). However. since this is 
clearly not the case in either of the species examined here it would seem 
more likely that the ciliary fusion descilbed by Finley et (1072) 
arose during specimen preparation and was probably an artefact brought 
about by freeze-drying. The terms 'polykinety' and 'haplokinety', which 
are now widely used when referring to the peristomial cilia of peritrichs, 
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erroneously imply the existence of a membranous arrangement. It is now 
suggested that the terms 'ist., 2nd. 
(= the polkinety) and 3rd. (= the 
haplokinety) ciliary rows' are more appropriate. 
In relaxed zooids of C. polypinum it was noted that the outer row 
of cilia is attached to a membranous flap which protrudes above and 
appears to independant of the peristomial lip. Zagon (1971) also noted 
that the outer ciliary row is raised above the two inner rows by virtue 
of being attached to a raised area w: -iich he called the 'epiplasmic shelf'. 
This 'shelf' was continuous with the lip and did not have a membranous 
appearance but these differences may be attributed to the inferior method 
of preparation employed (i. e. freeze drying instead of critical point 
drying). Therefore the term 'peristomial membrane' is now prefered to 
'epiplasmic shelf' since this is more approporate in terms of its 
appearance. Zagon (1971) also reported the presence of fine ectoplasmic 
ridges situated between the bases of the outer and inner rows of cilia. 
These ridges measure 110 nm across and are separated by linear arrays of 
tuberosities that occasionally bear pore-like openings. Similar structures 
were also described by Finley et al (1972) in Telotrochidium. 
In chlorbutol-relaxed zooids of C. polypinum it was found that the 
peristomial lip was occasionally furnished with a furrow, dividing it 
roughly in half and giving it a double lip appearance. Since 
this feature has never previously been described for C. polypinum in 
either SEM or light microscope studies, it is probably a transient 
feature which formed during specimen preparation. A similar double lip 
arrangement has been observed once before among the peritrichs and a new 
species, Vorticella claparedei, was erected on the basis of this character 
(Andrussowa, 1886). lt is recommended that further studies should be made 
to ensure that this arrangement is a permanent feature of V. claparedei 
(= Haplocaulis claparedei) if it is to be retained as a diagnostic 
character. 
Almost without exception all previous SEM studies of peritrich zooid 
surfaces have been made on contracted specimens and in every case, surface 
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structures such as pellicular pores and striations are clearly visible. 
By contrast, the surfaces of chlorbutol-relaxed cells are relatively 
smooth due to the presence of the outer pellicular membrane (OrN) which 
appears to be stabalised by the chlorbutol. Consequently, few details 
concerning pellicular patterns could be ascertained and it is evident that 
this membrane has to be removed prior- to any topographic study. Nora--A 
processing usually resulted in a number of cells that were sufficiently 
abraided to record sub-surface detail but such opportunistic analyses 
should be replaced by a simple and reliable method of membrane stripping. 
To this end, the membrane removal techniques of Dentler (1980) and Grim 
et al (1980) were investigated but both have yet to yield reproducable 
results. Similarly ion beam etching failed to remove the 0i, 101 in a uniform 
manner. This may have been due to the fact that the ion beam etchinr- 
device was originally designed for 'thinning' robust materials such as 
rocks and minerals. Consequently it is not suited for the treatment of 
delicate biological specimens such as naked protozoan cells. As an 
alternative mechanical method for the removal of the Orr, microdissection 
equipment could be employed and this would have the advantage of being 
operated while simultaneously viewing the specimen under the S. iM. 
Campanella umbellaria was also successfully relaxed with ch orbutol 
and : like Uarchesium polypinum, the zooids are inverted bell-shaped and the 
cilia are clearly visible above the jeristomial lip. Again, significant 
differences were observed between the relaxed and unrelaxed zooids. In 
relaxed cells, it can be seen that there are 42 rows of cilia confirming 
Shräder's (1906) light microscope observations. As well as allowing 
the separate ciliary rows to be discerned, chlorbutol treatment also 
slows their beating action enabling the metachrona] wave patterns to be 
preserved. Several workers have used to study wave tatterns among 
ciliates. - (ramm, 1972; Horridge & Tamm, 1969; Barlow & Sleigh, 1979) 
and the methods employed usually require a fixation process sufficiently 
rapid to arrest the motion of the cilia as they beat at their normal 
sF, eed. By pretreating with chlorbutol it is possible to slow down the 
cilia and enable more conventional fixatives to be used while still preserving 
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the metachronal wave patterns. As with C. polypinum, each cilium of 
C. umbellaria is an independent unit and there is no fusion into 
semimembranes. 
As with C. polypinum the OPM is preserved in chlorbutol-relaxed 
zooids of C. umbellaria and again the pellicular striations which are 
clearly visible in unrelaxed cells, are masked from view. The zooid surface 
of C. umbellaria has never previously been studied in detail although 
from light microscope observations, Schröder (1906) indicated that some 
form of pellicular structures are present and that these form a broadly 
reticulate pattern. By examining relaxed zooids with the SEM, these 
structures are revealed as regularly shaped, low-domed tubercles. 
These are several examples of pellicular tubercles among peritrichs with 
a wide range of sizes and shapes (Fromentel, 1$74; I'atem, 1870; Stokes, 
1884). One of these, Pseudovorticella monilata was examined in detail 
by Kawamura (1973) using IEM. In section each tubercle appears as semisphere 
0.2 p. m in diameter, and is located between two adjacent striations. 
Contained within each tubercle is a sphere composed of electron dense 
material are unknown. By comparing the size and distribution of the 
tubercles of C. umbellaria with that of its underlying striations, it 
is seen that there is a strong correlation between the two. Furthermore, 
whenever tuberculate peritrichs have been examined by silver staining, 
a reticulate pattern of striations has consistently been revealed 
(Foissner & Schiffmann, 1974,1975 & 1979). From these observations it 
is thought likely that all peritrichs with tubercular pellicles also 
possess supporting reticulate substructures. 
In conclusion, the results of the SEM studies presented here show 
that relaxed peritrichs differ in several respects from their unrelaxed 
counterparts and in some cases, these differences are of considerable 
taxonomic importance e. g. the type, appearance and distribution of the 
pores, tubercles and stri, tions, The patterns formed by these pellicular 
structures have been analysed on a number of occasions, (Hobbs & Lang, 1964; 
Foissner & Schiffmann, 19? 4,1975 & 1979) almost without exception, these were 
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the results of studies made on contracted cells. Consequently, the 
accuracy of the data obtained must be regarded as questionable, and 
their application in terms of taxonomy should be made with caution. It 
is therefore recommended that all future work relating to the study of 
pellicular structures by SEM, TEM or silver staining should preferably 
be made on fully relaxed specimens. If SEM is to be used, the specimens 
should bear as close resemblence as possible to the living organism and 
in order to achieve this, the following procedure is recommended; 
1. ? retreat in chlorbutol until both stalk and zooid fail to 
contract when stimulated. 
2. While cilia are still beating, fix in Parducz's solution. 
3. Dehydrate. 
1+. Critical point dry. 
Only by standardising the preparation process in this way can 
meaningful comparisons between specimens be made using SAM. 
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Chapter Four 
Taxonomy and Lorica Structure of 
Platycola 
I IN T ODUC`1'ION 
; 'latycola Kent, 1882 is a loricate peritrich of the family 
Vaginicolidae and when the genus was erected it consisted of eight 
species. During the next hundred years seventeen new species were 
added but in that time there has been only one review of the genus 
(Kahl, 1935). In view of this, it was considered that another taxonomic 
review was long overdue. 
Loricate peritrichs have received little attention compared to 
their stalked counterparts and research on these forms has been largely 
restricted to morphological descriptions and a few cursory remarks 
regarding their general biology. There are a few exceptions, the most 
notable being Gonzalez's (1979) analysis of the lorica of Thuricola 
folliculata, Willis (1942 & 1948) and Couch (1973) both of whom worked 
on the genus lagenophrys, Finley & Bacon's (1965) study of t'yxicola 
nolandii, Hamilton (1952) who described lorica formation in Cothurnia, 
and Kralik (1961) whose detailed study on the biology of Platycola truncata 
remains the most comprehensive work on any of the loricates. 
There are many examples of protozoa which live within a protective 
test or lorica and these may be either built by the organism out of 
material found in its environment or secreted entirely by the organism 
itself. All loricate peritrichs belong to the latter group and in the 
genus Platy oola. the lorica is secreted by the telotroch immediately after 
it settles on the substrate. The new lorica is slightly elastic at first 
and the zooid develops a conspicuous swelling near its basal region which 
gradually moves up towards the peristome shaping the lorica wall as it goes. 
This swelling appears to be analagous to the 'growth cavity' described by 
Willis (1942) in Lagenophrys tattersalii. When this process is complete 
the swelling collapses and the zooid is reduced back to its normal size. 
The lorica wall, which is colourless or pale yellow at first, hardens and 
turns dark yellow or brown as it matures. 
No ultrastructural studies have been performed on Platycola and little 
information is available regarding the chemical nature of the lorica. Yet 
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in past years, the taxonomy of the genus has been based almost entirely 
on various aspects of the lorica such as its shape, size and colour. 
Platycola decumbens was recovered from the river Tillingbourne in 
sufficiently large numbers to enable detailed morphological and taxonomic 
studies to be carried out. This study investigates the structure of the 
lorica of Plat)Cn1a decumbens by electron microscopy, cytochemistry electron and 
microprobe analysis. 
II TAXONOMIC iEVIEW 
A. TAXONOMIC POB ITION AND GENUS DESCEIxTION 
From its erection, Platycola Kent, 1882 has been included within 
the family Vaginicolidae Fromentel, 1874 (which Kent considered to be a 
sub-family called Vaginicolina) and it has never been removed from that 
group. According to Corliss (1979) the family Vaginicolinidae contains 
nine genera, of which all are loricate, solitary and either with or 
without a stalk (generally very short when present). Division is 
isotomic or anisotomic and some species may have a true operculum 
(e. g. xicola). The genus P7. tycola has been defined by Curds et al 
(1983, in press) as 'body trumpet-shaped lying within a horizontal, 
pseudochitinous lorica to which it is attached at the posterior end. 
The lorica adheres along the length of one side to algae and other submerged 
objects by a dark, sticky substance. It has a simple aperture without 
valves etc. and is turned up diagonally so that the extended animal may 
protrude upwards. The genus may be most easily confused with [agenophrys 
which also has a lorica lying horizontally. However, in the latter genus, 
there is a complicated valve system to close the aperture and the animal 
is anchored laterally to the lorica'. 
B. TAXONOMIC CHAACTE. RS 
There are few reliable characters on which the species of Platycola 
may be defined and all the major reviewers such as Kent (18eo)Kahl (1935) 
and Stiller (1971) have relied principally on the lorica, the substratum 
and, to a lesser extent, the zooid. 
i. Lorica. In almost every species description, most emphasis has been 
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placed on the size, shape, colour, neck (length and direction) and, in 
one case, the striations of the lorica. However, Kralik (1961) showed 
that all these parameters are highly variable and concluded that the 
lorica alone could no longer be regarded as a reliable character on 
which to define a species. 
ii. Substratum. The substratum on which an individual is found is often 
cited as a significant part of the species description especially among 
the epibiotic forms. However, although there are a number of examples 
of species specificity among these symphoriont peritrichs (Corliss, 1979, 
p. 144) there is no evidence that this is true for Platycola. Until such 
evidence exists, a certain amount of reservations must be placed on the 
substratum as a reliable character. 
iii. Zooid. Among the aloricate peritrichs, a number of characters 
relating to the zooid are used to define species, e. g. body size and 
shape, number and shape of the macronucleus, number and position of 
contractile vacuoles and the presence of striations, but these are often 
omitted from species descriptions of Platycola. Occasionally, the only 
descriptions available are the results of studies made on fixed, 
contracted cells. In such cases as these, any information obtained relating 
to the zooid is of limited value despite the fact that these characters 
may be the most taxonomically significant. 
Silver impregnations, biometric analyses and ultrastructural studies 
are now increasingly used in the taxonomy of the ciliates in general 
(Corliss, 1979) and the peritrichs in particular (rteid, 1967; Davidson & 
Finley, 1972; Foissner & Schiffmann, 1974,1975 & 1979; Foissner, 1978, 
1979 & 1981). A]. h*Ugh, the literature contains no record of any of 
these having been applied to Platycola spp. Until such information is 
available, we must rely on a combination of as many of the reliable 
characters listed above as possible, and reflect the hope of Finley & 
Bacon (1965) that 'perhaps there will come a time when every description 
of a new species of ciliate will include valid observations of such 
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pertinent details'. As a result of the observations made both here and 
elsewhere (Kralik, 1961) the genus Platycola has been taxonomically 
reviewed and a key to the identification of the species has been compiled. 
C. KEY TO THE SPECIES OF Y LATYCO LA 
1. Marine 2 
- Freshwater 3 
2. Viewed dorsally, the lorica is circular or nearly so and, 
when present, the neck is short. The aperture is circular. 
Y. circularis r (Fig. 23 
- Viewed dorsally the lorica is oval and, when present, 
the neck is elongated. The aperture is oval. P. h drobiae 
(Fig. 28 
3. Zooid has one contractile vacuole. 4 
- Zooid has two contractile vacuoles. r. dilatata 
(Fig. 26 
4. Specifically epibiotic on the cave-dwelling Microlistra 
spinossisima (Crustacea: Isopoda). 5 
- When epibiotic, not found on Microlistra spinossisima. 6 
5. Macronucleus has a double look to form an E-shape. P. callistoma 
(Fig. 22 
- Nacronucleus ribbon-like, irregular but not i-shaped. 
P. lagenif ormis 
(Fig. 29) 
6. Not epibiotic, ventral wall. follows the contour of 
substratum. 7 
E; pibiotic, and the ventral wall depresses itself into the 
host substratum. 
7. Neck of lorica has no lateral cleft. 
P. Pala 
(Fig. 31) 
8 
- Neck of lorica has a cleft and is 'U'-shaped when viewed 
laterally. P. coelochila 
(Fig. 24) 
8. Contractile vacuole situated in the upper 1/3 of the 
zooid, usually near the peristomial lip. 9 
- Contractile vacuole situated at or near the centre of the 
zooid. P. baikalika 
(Fig. 20) 
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g. 'nhen fully extended the zooid(s) extends well beyond the 
aL-, erture. 
- ; hen fully extended the zooid(s) only reaches, or extends 
just beyond, the aperture. 
10. Dorsal surface of lorica convex with no distinctive 
longitudinal ridge. 
10 
11 
P. decumbens 
(Figure 2 
- Dorsal surface of lorica raised in a high, distinctive 
ridge which runs longitudinally down its centre. P. steineri (Fig. 32 
11. Zooid(s) does not contain endosymbiotic zoochlorellae. 12 
- Zooids) contain endosymbiotic zoochlorellae. P. butschlii (Fig. 21) 
12. Viewed dorsally, the lorica shape is irregular and 
asymmetrical with one side wall distinctly constricted, 
and the other straight. P. mollis (Fig. 30 
- Viewed dorsally the lorica shape is elliptical or nearly 
so, being symmetrical about its centre axis. P. racilis 
(Fig. 27 
D. DESCiUPTIONS OF VALID St'ECIES 
Thirteen of the 25 described species are recognised here to be 
valid. Of the remaining twelve, ten are listed below as synonyms of 
Platycola while two are transferred to other genera; Z. cylindrica 
Vuxanovici, 1963 should be transferred to the genus Vaginicola and 
P. nigra Wailes, 1928 has already been removed from the genus by Dons 
(1940) who considered it to be a folliculinid. 
Platycola baikalica Swarczewsky, 1930 
SYNONYM: Vaginicola baikalica Swarczewsky, 1930. 
DIAGNOSIS (fig. 20)s The lorica is pale yellow and usually oval or 
circular when viewed from above. The neck is directed forwards and upwards 
at an angle. The dorsal wall is distinctly arched and may reach a height 
of up to 40 µm. Each zooid has one contractile vacuole near its centre. 
The ribbon-like macronucleus is long, thin and is longitudinally 
orientated within the zooid. 
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Lorica 90 nn long x 67 - 70 pm wide. Neck 5-6 pm long x 60 - 65 pm 
wide. The neck is raised 28 - 30 )xm above the substratum. 
SUBSTRATUM: Epizooic on the gammarids, Brandtia lata, B. latissima and 
Echinogammarus fuscus, (Crustacea: Amphipoda), 
HABITAT. Freshwater in lake Baikal. 
LthMAfKS: This species has only been described once and no diagrams 
showing extended zooids are available. 
- -- ,ý 50pm 
ab 
Figure 20. Platycola baikalica, a. dorsal view; b. lateral view (after 
Swarczewsky, 1930). 
Platycola butschlii NUsslin, 1884 
SYNONYM: Vaginicola butschlii, NUsslin, 1884. 
DIAGNOSIS (fig. 21): The lorica is variable in shape but usually wide and 
well rounded at the base. The neck is a simple extension of the lorica 
wall and is only distinguishable by a slight constriction at its base. 
The wavy aperture is wide and faces upwards. The adhesive cement can 
only be seen around the rear 1/3 of the lorica. The zooid is squat and 
contains numerous endosymbiotic zoochlorellae. The macronucleus is long 
and thin with two or more distinct bends (fig. 21b). 
Lorica 80 - 100 pm long x -54 - 
110 pm wide. Aperture 20 - 40 pm wide. 
HABITAT: Freshwater in Lake Herrenwasser. 
SUBSTRATE: Submerged plants. 
REMARKS: This is the only species of Platycola with endosymbiotic 
zoochlorella. e. 
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a 
50 pm 
Figure 21. Platycola butschlii, a. dorsal view of zooid with endosymbiotic 
zoochlorellae; b. dorsal view showing the macronucleus within a contracted 
zooid (after Nisslin, 1884). EZ= endosymbiotic zoochlorallae. 
Platycola callistoma Hadzi, 1940 
DIAGNOSIS (fig. 22): The lorica is colourless and usually oval in shape 
when viewed dorsally. The neck is easily distinguishable, being slightly 
flattened in the dorso-ventral plane. The zooid appears to be unstriated. 
'Ihe macronucleus lies longitudinally in the body and has a distinctive 
double loop. 
Lorica 73 }Im long x 55 pm wide. Neck 30 }im wide at the aperture and 22 pm 
wide at the base. Zooid 60 jun long x 20 µm wide. 
SUBSTRATUM: Epizooic on the cave-dwelling Microlistra spinosissima 
(Crustacea: Isopoda). 
HABITAT: Freshwater in Yugoslavia. 
REMARKS: This species has only been described once and no diagram showing 
as extended zooid is available. Its most distinctive characteristics 
appear to be its substratum and macronuclear shape. 
a b 
50pm 
Figure 22. Platvcola callistoma, a. dorsal view; b. dorsal view showing 
variation of lorica neck (after Hadzi, 1940). 
-162- 
ýý 
Figure 23. Platycola circularis, a, dorsal view of lorica with neck; 
b. dorsal view of lorica without neck (after Dons, 1940). 
Platycola circularis Dons, 1940 
DIAGNOSIS (fig. 23): The lorica is colourless, smooth and relatively 
flat when viewed laterally. When viewed dorsally it is circular or 
nearly circular and is usually without a neck. When present, the neck 
is very short. The macronucleus is short, sausage-shaped, slightly 
curved and usually lies obliquely or at right angles to the longitudinal 
axis, across the centre of the zooid. 
Lorica 40 - 65 p. m in diameter. Aperture 13 - 16 )im wide. Neck, up to 
5.0 jim long. Macronucleus, 30 - 40 µm long x 5.0 - 3.0 p. m thick. 
SUBSTRATUM: Epizooic on the uropods of Limnoria sp. (Crustacea: Isopoda). 
HABITAT : Marine. 
REMA: iKS: P. circularis has only been described once and its most 
distinctive characteristics appear to be its circular lorica and its 
short, obliquely situated macronucleus. Only contracted forms were drawn 
and no diagrams of relaxed zooids are available. 
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2latycola coelochila Stoke N-, 1337 
DIAGNOSIS (fig. 24): Stokes (i887a) described the lorica as being 
'broadly ovate' from the dorsal aspect, its length measuring less 
than three times its width. The posterior end is rounded and the 
dorsal surface convex. The short, vertical neck has a cleft, forming 
a 'U'-shade from the lateral view. The lorica is yellow, becoming brown 
with age. The zooid ]Protrudes for a considerable distance beyond the 
aperture when fully extended. 
iorica 110 µm long. 
SUBSTRATUM: On the roots of Lemna sp. 
HABITAT: Freshwater from North America. 
REMARKS: P. coelochila has been described only once and Stokes' (1837a, 
diagram shows the lorica from a lateral view and without a zooid. 
Until a more detail description is available, it must remain a distinct 
species on the basis of the shape of its neck. 
50 pm 
(7ý 
Figure 24. Plat cy ola coelochila lateral view of lorica (after Stokes, 188'0. 
Plattcola decumbens Ehrenberg, 1830 
SYNONYMS: Vaginicola decumbens Ehrenberg, 1830. 
Platycola ampulla Fromentel, 1874. 
Flatycola regularis Fromentel, 1874. 
Platycola striata Fromentel, 1874. 
Platycola truncata Fromentel, 1874. 
Platycola longicollis Kent, 1882. 
Platycola longicollis var. intermedia Kellicott, 1884. (= P. 
intermedia Kahl, 1935)" 
Platycola longicollis var. reflexa Mermod, 1914. (= P. reflexes 
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Kahl, 1935)" 
Platycola amphora Swarczewsky, 1930. 
Platycola amphoroides Sommer, 1951. 
DIAGNOSIS (fig. 25): The lorica varies considerably in shape but viewed 
from above it is usually oval or rectangular with rounded corners. The 
colour also varies from colourless or pale yellow (usually in young cells) 
to dark yellow or brown in mature cells. Striations on the lorica are 
absent in most individuals although others may be either partly or 
completely striated. The neck length is highly variable but the aperture 
usually faces forwards and upwards. The neck is frequently colourless. 
There are usually two zooids in each lorica though this number may vary 
from one to four. There is one contractile vacuole near the peristomial 
lip. The macronucleus is long, straight and longitudinally orientated in 
the body. The pellicle is finely striated transversely. When relaxed 
the zooids extend well beyond the aperture and are usually held in a 
vertical position. 
Lorica 65 - 145 pm long (average 96 µm) x 44 - 110 pin wide (average 75 pm) 
Zooid 79 - 168 pm long (average 142 pin) x 12 - 26 pin wide (average 18 gm). 
Peristome 21 - 55 µm wide (average30 pin). Micronucleus 1.6 - 10.2 µm 
(average 3.5 pm) x 1.0 - 4.0 pm wide (average 1.3 pm). 
SUBST ZATUM: A wide variety of plants (Lemna sip., Ceratopuhylum sp., 
various algae), animals (mollusca shells etc. ) and abiotic substrata. 
HABITAT: Freshwater, widely distributed in both flowing and standing 
water in North America and Europe. 
RENAHKS: Kralik (1961) redescribed a freshwater species of Platycola 
in considerable detail which he identified as P. truncata Fromentel, 1874 
and among the species which he considered to be synonymous was r. decumbens 
Ehrenberg, 1830. However, the name P. decumbens clearly predates that 
of P. truncata and in accordance with the Rules of Zoological Nomenclature 
(1964), P. decumbens should be considered the correct name and P. truncata 
a junior synonym. Of the species listed in the synonyms above, P. reflexa 
and P. intermedia have been synonymysed for the first time. Both were 
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Figure 25. Platycola dec umbens, a. (= P. truncata) dorsal view; 
b, lateral view (after Kralik, 1961); c, (=. k. longicollis) lateral 
view (after Kent, 1880-82); d, (=P. ampulla) dorsal view; e, (=P. striata) 
dorsal view (after Fromentel, 1874); f, (=P. ampulla) lateral view 
(after Sommer, 1951). 3- striations. 
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thought to be distinct on the basis of their lorica (Kahl, 1935) but 
Kralik (1961) has shown the lorica of P. truncata (= P. decumbens) to be 
highly variable and, in the opinion of the present author, sufficiently 
so to encompass both of these species. Of the remainder, r'. amphora, 
P. amphoroides, P. longicollis, P. regularis and r. striata were 
synonymysed by Kralik (1961) and P. ampulla by Dons (1922). 
Platycola dilatata Fromente1,1874 
SYNONYMS: Vaginicola dilatata Fromentel, 1874. 
Platycola donsi Kahl, 1935. 
Platycola tincta Fromentel, 1874. 
DIAGNOSIS (fig. 26): The lorica is oval or nearly oval when viewed 
dorsally and there is a wide border fringe. The lorica is pale yellow in 
young cells, becoming brown with age. The neck is short, colourless and 
slightly constricted at the base. The zooid is large and almost cylindrical 
though slightly widened at the peristome; when relaxed, it extends well 
beyond the aperture. The cytoplasm is finely granular but otherwise 
transparent. There are two contractile vacuoles and the pellicle is 
finely striated transversely. 
lorica 75 ppm long x 50 }im wide. Neck 10 }gym long, aperture 30 pm wide. 
SUBSTiATUM. Submerged plants and algae. 
HABITAT: Freshwater. 
REMARKS: The most distinctive feature of P. di latata is the fact that it 
has two contractile vacuoles per zooid, a characteristic shared by only 
one other previously described species, P. tincta Fromentel, 1874. Dons 
(1922) considered the two to be identical and submerged P. tincta. Kahl 
(1935) was of the opinion that Dons(1922) had seen a new species and named 
it P. donsi but Dons (1940) later reversed this decision. Kralik (1961), 
mainly on the basis of the lorica, regarded P. dilatata as synonymous with 
P. truncata. This was clearly an erroneous decision as P. truncata 
(zi- P. decumbens) has only one contractile vacuole. 
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b 
50 pm 
Figure 26. Platycola dilatata, a. dorsal view; b. (=P. tincta) dorsal 
view (after de Fromentel, 1874). 
Platycola gracilis Fromentel, 1874 
SYNONY14: Vaginicola gracilis Fromentel, 1874. 
DIAGNOSIS (fig. 27): From the dorsal view, the lorica is somewhat elongated, 
almost cylindrical, but rounded at the base. The neck is short and also 
attached to the substratum along its length. The aperture faces upwards 
slightly. The zooid is broad but fairly short and may reach just beyond 
the aperture when fully extended. The peristome is wide and the disc is 
flat and slightly elevated. There is one contractile vacuole just below 
the peristome. The macronucleus is short, slightly curved and situated 
longitudinally in the upper 1/3 of the body. 
Lorica 60 pm long x 37 gm wide. Aperture 30 }gym wide. 
SUBSUUATUM: Submerged plants and algae. 
HABITAT: Freshwater in France. 
REMARDS: This species has only been described once and its most distinctive 
features are its elongated lorica, the wide peristome and very conspicuous 
ciliary wreath. 
50 pm 
Figure 27. Platycola gracilis dorsal view (after de Fromentel, 1874). 
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ab 
Figure 28. P1atycola hydrobiae, a. lateral view; b. dorsal view 
(after Hofker, 1930). 
Platycola hydrobiae Hofker, 1930 
SYNONYM: Vaginicola hydrobiae Hofker, 1930. 
DIAGNOSIS (fig. 28): Viewed dorsally, the yellow lorica is shaped 
like an elongated ellipse, truncated at the anterior end by the 
presence of a broad, slit-like aperture. 4hen present, the neck is 
a simple extension of the lorica and is attached to the substratum. 
The macronucleus is very short and thick and situated in the upper 
half of the zooid. 
Lorica 85 p. m long x 55 dun wide. Aperture 35 µm wide. 
SUBSTRATUM; On liydrobia (Mollusca, Gastropods. ). 
HABITAT: Marine, found in the North Sea. 
iiEMA: P. hydrobiae has only been described once and no diagrams 
showing extended zooids are available. The lorica shape is variable. 
the most distinctive characters appear to be the aperture, which faces 
forwards and is not raised off the substratum. 
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Figure 29. Platycola lageniformis., a. lateral view; b. dorsal view 
(after Hadzi, 1940). 
Platycola lageniformis Hadzi, 1940 
DIAGNOSIS (fig. 29): The lorica is slim and elliptical in shape when 
viewed dorsally, but slightly rounded at the base. The neck is fairly 
long and faces upwards, almost at right angles to the substratum and is 
slightly constricted at its base. There are usually one or two zooids 
in each lorica, each with a single contractile vacuole and a long ribbon- 
like macronucleus. 
Lorica 120 um long x 50 pin wide. Aperture 20 pin wide. 
SUBSTRATUM: Epizooic on the cave-dwelling Microlistra spinosissima 
(Crustacea: Isopoda). 
HABITAT: Freshwater in Yugoslavia. 
REMAHKS: This species has only been described from a single study made 
on fixed, contracted specimens. Any judgement on the validity of its 
rank as a separate species cannot be made until fresh, unfixed specimens 
have been described. 
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50 Nm 
Figure 30. Platycola mollis dorsal view, zooid partly contracted 
(after de Fromentel, 1874). 
Platycola mollis Fromentel, 1874 
SYNONYM: Vaginicola mollis Fromentel, 1874. 
DIAGNOSIS (fig. 30): The lorica is colourless to pale yellow, of 
irregular share, and about three times longer than it is wide. On one 
side the neck is a straight continuation of the lorica wall while on 
the other, it is sharply constricted. The neck is truncated obliquely 
by the aperture which faces slightly upwards. The border fringe is only 
visible around the lower part of the lorica. The zooid is short, reaching 
only as far as the aperture when fully extended. The peristome is wide, 
with a conspicuous ciliary wreath. The cytoplasm is granular and has 
one contractile vacuole. In his original description, Fromentel (1874) 
describes the pellicle as being 'finely punctate'. 
Lorica 100 pm long x 32 }im wide, Aperture 27 pun wide. 
SUBSTRATUM: Submerged plants and algae. 
HABITAT: Freshwater in Europe. 
REMAx ; This species is characterised by its short zooid and irregular, 
though distinctive lorica shape. 
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Figure 31. Platycola pa, a. lateral view; b. dorsal view (after 
Swarczewsky, 1930). 
Platycola Pala Swarczwesky, 1930 
SYNONYM: Vaginicola Pala Swarczewsky, 1930. 
DIAGNOSIS (fig. 31): The lorica is colourless and, when viewed dorsally, 
oval or nearly oval in shape. From the lateral aspect, the convex dorsal 
wall has a low elevation while the ventral wall lies depressed into its 
substratum. The neck is a simple continuation of the ventral wall which 
extends forwards and upwards beyond the dorsal wall to form a platform 
(fig. 31a). The macronucleus is long, thin and coiled with its ends 
turned back. 
Lorica 87 - 97 }gym long x 30 - 70 pm wide. Neck 16 }lm long x 50 µm wide 
at the aperture. 
SUBSThATUM: Epizooic on Parapallesa till (Grustacea: Amphipoda). 
HABITAT: Freshwater in Lake Baikal. 
REMARKS: This species has been described on a single occasion only and 
no diagram of extended zooids are available. Its most distinctive 
characters are that it lies depressed in its substrate, and that the 
neck is formed by the lower wall only. 
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Platycola steineri Penard, 1914 
SYNONYM: Vaginicola steineri Fenard, 1914. 
DIAGNOSIS (fig. 32): When observed from above, the lorica is slim and 
elliptical and slightly rounded at its base. A lateral view shows that 
the rear half of the lorica is raised and has a trough-like depression 
running longitudinally down its centre. The neck is short and raised with 
a well defined aperture, which is elliptical or reniform and faces upwards. 
The zooid extends well beyond the aperture when relaxed. The disc is wide, 
ý-= . ý_ 
b C 
50 Nm 
Figure 32. Platycola ste ineri, a. posterior view of lorica; b. lateral 
view; c. dorsal view (after Penard, 1914). 
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fiat and protrudes obliquely above the , )eristo; me. The , eilicle i: 3 finely 
striated transversely. There is a single contractile vacuole situated 
just below the peristome lip. The rnacronucleus is straight and lies 
longitudinally in the zooid. 
Lorica 78 - >8 im long x 40 }im wide. Looid 100 - 118 )Im long. Macronucleuc 
- 29 p. m long. 
sU ýýT AiUr:. ; SOSS. 
HABITAT: Freshwater in bwitzeriand. 
_irARKS: This species may be most easily identified by its distinctive 
lorica profile, striated zooid and long, straight macronucleus. 
III UETiMINATI0N0F0 rt I i: AST ýt UCTU :ir 
A. I; A J i; I A AND METHODS 
r or the determination of the iorica structure of r iatycola decumbens 
cells were collected on glass slides, cover slips and liastic Petri dishes 
using the methods described on pp. 43_4.8. All specimens were taken from 
the giver Tillingbourne at Shalford (site 6) since the chemical content 
of the water was regularly monitored at this site. This enabled the 
direct comparison of environmental conditions with the chemical nature 
of the lorica to be made. 
1. CYtochemical stains 
In order to determine the chemical nature of the lorica, specimens 
were stained for a range of organic compounds commonly employed as 
structural materials amongst protozoa (Brown, 1975). A stain for the 
presence of ferric iron was also included since this was recorded in the 
lorica of i. truncata (Kralik, 1961). Staining was performed on both 
freshly collected loricas and also on those from which ferric iron had 
been removed by the sequestering agent r. D'1'A. In the case of the latter, 
the löricas were placed in 0.1 M LDT'A, pH 8.0 for 5 days at 20oi;. Loricas 
were only considered for staining when a sample batch had given a negative 
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result for i'erl's ferric iron stain. This procedure was recommended by 
Hedley (1960) who reported that Few forms comj: lexes with some organic 
compounds rendering them unreactive with cytochemical stains. Positive 
controls were also included as the interuretation of tinctorial reactions 
was found to be rather subjective. 
i. Periodic Acid-Schiff (r'r ) Reaction for Periodate reactive rolysaccharides, 
from Pearse (1968), based on Hotchkiss (1948). 
The periodic acid-schiff reaction for polysaccharides is based on 
the lvialaprade reaction in which 1,2-glycols undergo oxidative cleavage 
producinga substituted dye in the presence of Schiff's reagent, thus 
yielding a coloured product at the site of oxidation. Method: 
1. Bring cells, fixed or unfixed, to distilled water. 
2. Oxidise for 10 minutes in i/o (w/v) periodic acid at 200ý 
3. dash cells three times in distilled water. 
4. Stain for Q minutes in 6chiff's reagent (b LH) . 
5. Nash three times in distilled water. 
6. Wash three times in O. (w/v) sodium metabisulphite. 
7. Wash twice in distilled water. 
8. Dehydrate and mount in Canada Balsam. 
A red colouration indicates a positive reaction. £he zooids acted 
as a positive control. 
ii. Mercuric Brom, shenol Blue Stain for Protein, 
from Mazia et al (1953). 
Acid proteins react by virtue of COON, 5H and aromatic residues 
binding the mercury which in turn, take up the dye. Staining may be 
; -erformed 
in either distilled water or 9-TJ ethanol. Method: 
1. Cells, fixed or unfixed, are brought to distilled water or 9y 
ethanol. 
2. Stain in mercuric bromphenol blue* for 15 minutes. 
3. Place cells in 0.1 M sodium hydrogen orthophosphate for two 
minutes to 'blue' the stain. 
4. Bring cells to either distilled water or 9_yo ethanol. 
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A rose red colouration indicates a positive reaction. The zooids 
acted as a positive control. 
)k Stain: 10 g HgC12 + 100 mg bromphenol blue in 100 ml of either 
distilled water or 95,7o ethanol. 
iii. Peracetic Acid Schiff aeaction for Apids containing Unsaturated Bonds, 
from Pearse (1968). 
Method : 
1. Bring cells to distilled water. 
2. Place cells in peracetic acid for 2-5 minutes. 
3. Wash three times in distilled water. 
4. Immerse in Schiff's reagent (SIGMA) for 30 minutes. 
5. Wash three times in distilled water. 
6. : xamine as a temporary mount. 
A red colouration indicates a positive reaction. The zooids acted 
as a positive control. 
#Yeracetic 
acid: to 20 ml acetic anhydride add 5 ml of 3% aqueous 
H2O2 (w/v). ilix and allow to stand for 2 hours. Dilute to twice volume 
with distilled water before use. 
iv. Acetylated reriodic Acid-Schiff : ieaction for Carbohydrates, 
from Pearse (1968). 
- to follow a positive IAS reaction. A negative reaction after 
acetylation indicates that the 1.2-glycol group is responsible for the 
original PAS positive reaction. A positive reaction confirms the 
carbohydrate nature of the test material. Method: 
1. Bring cells to distilled water. 
2. Llace in a solution of acetic anhydride: pyridine (2: 3) for 
90 minutes -2 hours. 
3. itinse in 701 ethanol for 1 -2 minutes. 
4. Rinse briefly in distilled water. 
5. Continue as for PAS stain (above). 
A red colouration indicates a positive reaction. The zooids acted 
as a positive control. 
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v. Millons aeagent for Protein, 
from Lillie (1976), based on Serra (1946). 
Method: 
1. Fixed and unfixed cells are brought to absolute alcohol via an 
ascending series, 30'%, 50jo, 70%, 80; ö, 90%, 100%, 100% ý, tUH. 
2. Place cells in Millons reagentk for 3 hours. 
3. rinse in l; ' nitric acid. 
4. Observe as a temporary mount. 
A rose red colouration indicates a positive reaction. The zooids 
acted as a positive control. 
*Millons 
reagent; 250 ml of 4% nitric acid is saturated with 
mercuric nitrate crystals. Filter the solution and to 20 ml of the 
filtrate, add 0.1 ml 70% nitric acid and 70 mg sodium nitrate. Filter 
before use. 
vi. Ninhydrin iteagent for r'rotein, 
based on Serra (1946). 
This reaction is positive for amino acids except proline and 
hydroxyt)roline. The amino group of the amino acid undergoes oxidation 
in the presence of ninhydrin yielding NH3 which combines with both 
reduced and oxidised molecules of ninhydrin to yield a coloured product. 
Method: 
1. Fixed and unfixed cells are brought to distilled water. 
2. Place cells in 0.2% ninhydrin (SIGMA) in ethanol for 24 hours. 
3. Observe cells in the staining solution as temporary mount. 
A blue colouration indicates a positive reaction. The zooids 
acted as a positive control. 
vii. Ninhydrin Reagent for Protein with lipid extraction, 
from Neff & Benton (1962). 
Lipids were extracted prior to staining using the following method: 
1. rlace cells in chloroform/ethanol (2: 1) for 24 hours. 
2. Stain for protein using the ninhydrin reagent (above). 
3. After staining, dehydrate cells and mount and examine. 
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A blue colouration indicates a positive reaction. 
viii. Fat Red Stain for Lipids, 
from Pearse (1968). 
Fat red 7B (Sudan iced VII B) is a basic arylamine soluable in 
lipids. Method: 
1. Fix cells in 2.3% gluteraldehyde for 6 hours. 
2. Wash twice in copious volumes of distilled water. 
3. Dehydrate as far as 70/ ethanol. 
4. Stain in a saturated solution of Fat Red, CI 26050 (SIGMA) 
in 70% ethanol for 15 minutes at 20°C. 
5. Wash rapidly in two changes of distilled water. 
6. Examine as a temporary mount. 
A deep red colouration indicates a positive reaction for lipids. 
The zooids acted as a positive control. 
ix. Alcian Blue Stain for Acid Mucopolysaccharides, 
from Lillie (1976 ), based on Mowry (1963) and i, isson (19_54). 
Alcian blue is a water soluabie copper phthalocyanin precursor of 
the insoluable dye Monastral Fast Blue. The compound designated 8GX 
stains a wide range of acid mucopolysaccharides and can be made specific 
for certain types of substance. For this test, the compound was used as 
a general stain for acid mucopolysaccharides. Method: 
1. Cells are brought to distilled water. 
2. Place cells in 3% acetic acid for 3 minutes. 
3. Stain in 1% alcian blue 8GX (C. I. 74240) in 3% acetic acid 
for 30 minutes at 20°C. 
4. Wash for 3-5 minutes in 3% acetic acid. 
5. Wash three times in distilled water. 
6. Dehydrate, mount in Canada Balsam and examine. 
A blue colouration indicates the presence of a positive reaction. 
The zooids acted as a positive control. 
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x. Ferric oxide or. Dialysed Iron Procedure for Acid Diuopolysaccharides, 
from Hale (1946. 
This stain depends on the affinity of free acid groups in the test 
material for colloidal Feat pH 2.0. After washing, the bound ferric 
iron is demonstrated by means of the prussian blue reaction (ferric 
thiocyanate). In this case, the stain was used as a general stain for 
acid mucopolysaccharides. Method: 
1. Bring cells to distilled water. 
2. Stain in colloidal iron reagent (Abul'Haj, 1951) for 10 
minutes. 
3. Wash twice in distilled water. 
4. Place in acid ferrocyanide solution (0.02 Ii1. K4F'e(CN )6: 
0.14 M H(; 1.1: 1. solution) for 10 minutes. 
5. Wash twice in distilled water. 
6. No counterstain was employed. 
7. Dehydrate, mount in Canada Balsam and examine. 
A blue colouration indicates a positive reaction. The zooids acted 
as a positive control. 
Colloidal iron reagent of Abul'Haj (1951); 7.5 g Fed13 in 250 ml 
distilled water is added to 100 ml glycerol with constant stirring. 
Then add 55 ml 2WJ ammonia with constant stirring. Dialyse the solution 
against distilled water for three days before use. 
xi. Zinc Chloriodide Stain for Cellulose, 
from rearse (1968) based on Furnröhr (1850). 
Schultz (1922) noted that cellulose coloured violet when treated 
with a solution of zinc chloriodide and potassium iodide saturated with 
iodine crystals. Method: 
1. Bring cells to distilled water. 
2. Mount as a temporary preparation. 
3. Place one drop of Schultz's zinc chloriodide stain` at one 
edge of the coverslip and draw beneath by capillary action. 
A blue/black colouration indicates a'positive reaction. a-cellulose 
(SIGMA) was used as a positive control. 
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*Schultz's 
zinc chloriodide stain; 30 g Zn012 +5g KI + 0.89 gI 
in 14 ml distilled water. The stain should be filtered before use. 
A modification by Neff & Benton (1962) involving the extraction 
of lipids prior to staining was used. Method: 
1. Place cells in lipid extraction solvent -A for 24 hours. 
2. Stain for cellulose as described above. 
XLipid 
extraction solvent; chloroform/methanol in the ratio 2: 1. 
xii. Schultz's Zinc Chloriodide Reagent for Chitin. 
from Lillie (1976) based on Ehrlich et L (1903) Method : 
1. Bring cells to distilled water. 
2. Place in 50% potassium hydroxide at 50 °C for 20 minutes. 
3. Wash in distilled water. 
4. Prepare as a temporary mount and stain with the zinc 
chloriodide reagent (as above). 
A brown/black colouration indicates a positive reaction. eure 
chitin (SIGMA) was employed as a positive control. 
xiii. Perl's Method for Ferric Iron, 
from Pearse (1968). 
'Ibis reaction depends on the production of ferric ferrocyanide 
when ferric ions react with ferrocyanide in acid solution. Method: 
1. Bring cells to distilled water. 
2. Expose to a fresh mixture of equal parts of 2% potassium or 
sodium ferrocyanide and 2% HC1, for 30 - 60 minutes. 
3. Wash in distilled water. 
4. Dehydrate through an alcohol series. 
5. Clear in xylol and mount in DPX. 
A deep prussian blue colouration indicates the presence of iron. 
2. Scanning Electron Microscopy (SEM). 
Specimens for SEM examination were collected on coverslips and 
prepared by the method given on pp 128-129. 
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3. Ion Beam Etching. 
Ion beam etching is a precise method for removing thin layers of 
material ('thinning') from a specimen using a stream of argon ions. The 
degree of thinning is controlled by the exposure time given. This 
technique was employed to gently abraid the lorica and reveal the internal 
structure of the wall. Cells were prepared as for SEM but after drying 
they were treated in a dual direction ion beam etching device (IONTECH, 
Teddington) in an argon atmosphere. Method: 
1-6. As for SEM preparation, pp 128-129. 
7. Treat in a dual direction ion beam etching device 
(IONTECH, Teddington) in an argon atmosphere for 
10 minutes. 
8. Coat with gold palladium -3x 30 seconds. 
9. View in a CANBt3IDGE S180 Stereoscan at 15 Kv accelerating 
voltage. 
4. Energy Dispersive Analysis by Geoscan. 
The 'Geoscan' is an instrument primarily designed to perform energy 
dispersive analysis of mineral samples. Entire loricas of Y. decumbens 
could thus be analysed to determine the proportion of each element 
present. Cells were: 
1. Collected on Perspex and_ washed in 2 mM ZUS buffer at 
pH 7.6 and 20°C. 
2. Dehydrated through a graded series to absolute ethanol; 
30%, 50%, 70%, 80%, 90% and two changes of 100% ethanol - 
30 minutes in each. 
3. Air dried. 
4. Analysis was carried out on a CAMHiiIDGE 8180 Stereoscan using 
a geoscan electron probe and fitted with energy dispersive 
analysis equipment (LINK SYSTEMS) at 15 Kv accelerating voltage. 
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5. Transmission Electron Microscopy (TMM). 
Specimens for TEM examination were collected on coverslips and 
prepared by the method given on pp 130-131. 
6. Energy Dispersive Analysis by X-stay CEDAX ). 
EDAX was performed on small areas, 20 nm in diameter, of thin sections 
of the lorica, thereby producing detailed information on the nature and 
location of the elements present. Specimens were prepared as follows: 
1- 10. As for TEM preparation (pp 130-131). 
11. Silver sections were collected on copper grids and left 
unstained. 
12. Sections were coated with carbon to a thickness of 
approximately 10 nm. 
13. Microanalysis was carried out on a JOEL 200X Electron 
Microscope with ASID scanning attachment and using a 
KENNEX Si (ii) energy dispersive solid state detector 
at 100 Kv accelerating voltage. 
B. RESULTS 
i. Cytochemical Staining 
No colour changes were observed in the lorica with any of the stains 
except Yerl"s stain for ferric iron. The amount of iron present and its 
distribution over the lorica was found to vary according to the age of 
the wall. In young cell, i. e. those collected after a brief period of 
slide immersion, only the region immediately surrounding the aperture 
stained positive. However with increasing age, iron was detectable over 
a wider area, initially down the centre of the lorica and, ultimately over 
its whole surface (Fig. 33). 
ii. Scanning Electron Microscopy 
The loricas of P. decumbens were unualiy well preserved by the 
method of preparation employed, although the zooids were hardly ever 
visible having contracted on fixation (Plate 21). Examples of unstraited 
partly striated and completely striated loricas were found (Plate 22). 
These striations were first reported by Fromentel (1874) who considered 
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Plate 21 
Plate 21 
Plotycola decumbens. A, SEM lorica, dorsal view. B, aperture, with well developed neck, 
C, aperture, anterior view, AL, aperture lip: BF, border fringe: N, neck: Z, zooid. 
Plate 22 
Plate 22 
., 
I". 
Platycola decumbens. A, SEM unstriated lorica, dorsal view. B, high power 
SEM of the dorsal wall of a partially striated lorica. C, completely striate( 
lorica. S, striations. 
them to be of taxonomic importance and subsequently erected a new 
species, Platycola striata Fromentel, 1874, solely on the basis of this 
feature. Since then, Kralik (1961) has reported that the whole range of 
lorica striations, from unstriated to completely striated, can be observed 
in a single culture of P. decumbens (syn. P. truncata). Consequently, 
P. striata is no longer considered to be a valid species. From plate 22 
it can be seen that these striations are no more than simple ridges on 
the outer surface of the dorsal wall. 
Plate 21b shows the decumbent nature of the lorica with the aperture 
facing forwards and upwards at the end of a short neck. The aperture lip 
is folded back and is clearly delineated. The characteristic border 
fringe may also be seen. Previous workers such as Penard (1914), Stiller 
(1971), Curds et al (1983 in press), have regarded the border fringe as 
being an exudate of an adhesive substance responsible for sticking the 
lorica to the substrate. Examination by SEM (plate 23) and TEN (plate 
25) reveals that this fringe to be a continuation of the dorsal wall 
lying in close contact with the substrate. The bacteria, algae, fungi 
and protozoa which constitute the aufwuchs community of the river were 
found attached to both the glass substrate and the lorica. itself (plates 
21b and 23c). Faure-Fremiet (1967) has commented on the importance of 
organic substrates such as this in providing a frame or network on which 
the various phototrophic and chemotrophic microorganisms (primary 
colonisers of the aufwuchs community) may begin to proliferate. 
At higher magnifications, the dorsal surface of the lorica is seen 
to be furnished with vast numbers of small spherical structures (plate 23). 
These give the lorica surface a granular appearance, A closer inspection 
reveals that this ornamentation is composed of small spheres 30 - 60 nm 
in diameter distributed randomly but fairly uniformly over the entire 
surface of the lorica including aperture-lip and border fringe. On 
several occasions, adjacent spheres were observed in contact with one 
another. (plate 23b arrowed). The spheres were present on every lorica 
examined regardless of its age. For comparative purposes, P. decumbens 
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was also collected from an alternative site, the Duke of Northumberlands 
River, Isleworth, Middlesex (National Grid Reference TQ 154758) and when 
examined by SEM, the same arrangement of spheres was observed on the 
lorica surface. 
iii. Ion Beam Etching 
In those specimens subjected to ion beam etching, the lorica wall 
surface was disrupted revealing the structure of the underlying material 
(plate 24c). This illustrates that the wall material is essentially 
fibrous in nature with the majority of fibres running transversely across 
the lorica in a series of layers. There is some degree of branching and 
interfibre connections are also present. From plate 24c it can be seen 
that in some areas the treatment has removed just the spheres leaving 
the underlying surface intact. Shallow depressions are observed at these 
points. 
iv. Analysis by Geoscan 
The energy dispersive analysis of entire loricas of P. decumbens 
revealed which elements were present within the detectable range and the 
relative abundance of each. The figures given in table 9 are percentages 
of the total mass of the lorica. The major part of this structure is 
composed of organic materials which are not detected by this instrument. 
Mean % Max. % Min. % 
Mno 15.165 17.991 12.156 
CaO 1.039 1.326 0.664 
FeO 2.276 2.749 2.053 
Si02 0.427 0.722 0.185 
x1203 0.883 1.206 0.693 
MgO 0.096 0.169 0.018 
P205 1.199 2.711 0.326 
so 2 0.48 0.856 0.147 
ZnO 0.897 1.075 0.696 
BaO 0.702 0.834 0,542 
Total 22.991 29.643 17.480 
Table 9, tesu. itis oz ueoscan anaiyses on entiii' iorjo' oz piat_ycol 
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Plate 24 
a 
Plate 24 
Dorsal lorica wall of Plotycola decumbens. A and B, TEM, L, S. C, SEM following disruption of 
surface by ion beam etching. F, fibres: S, spheres, 
h 
v. Transmission Electron Microscopy 
In longitudinal section, the dorsal wall of the lorica is seen to 
vary in thickness from 0.6 - 1.0 }im while the ventral wall, in close 
contact with the substrate, varies between 0.5 and 0.6 pm. The wall 
consists of a series of fibres running predominantly transversely across 
the lorica ()late 24) but both longitudinal and transverse sections of wall 
fibre were frequently obtained. Usually five or six layers of these fibres 
were observed embedded in an electron dense matrix which appears to lack 
a definite architecture. Frequently, in longitudinal sections, the wall 
displayed a feathered or 'herringbone' (Hedley et al 197))(plate 24b)appearance 
Wall fibres are approximately 16 nm in diameter and variable length. 
The spheres are clearly visible on the outer surface of the dorsal 
wall (plate 44) and are fairly evenly spaced, 20 - 50 nm apart. The 
largest sphere observed measured 66.6 nm in diameter, and the smallest 
39 nm in diameter. There is no distinct structure at the sphere/wall 
interface to suggest any mechanism by which they could be attached and 
in some sections, spheres are seen to be detached from the lorica 
wall (plate 25a & b). The spheres themselves appear to have no internal 
structure although some are completely electron dense while others are 
electrontranslucent with varying degrees of wall thickness. The distribution 
of electron dense and electrontranslucent spheres appears to be random. 
No spheres were observed on the inner surface of the lorica or in 
association with the ventral wall. 
The thickness of both dorsal and ventral walls is fairly uniform 
although the dorsal wall tapers to approximately 0.1 um at the tip. 
Towards the rear of the lorica both dorsal and ventral walls fracture, 
split and form three separate elements. The innermost element is the 
remainder of both dorsal and ventral walls and forms the actual rear 
of the lorica. The second and third elements split away, separate and 
eventually recombine at a junction 8-9 pm from the rear wall of the 
lorica. This combined wall then continues for approximatly 1.5 )Am in 
close association with the substratum (plate 25c). Within this combined 
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Plate 25 
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Lorica wall of Plat ccola decumbens. Aand B, TEM of spheres on outer surface of dorsal wall, L. S. 
C, TEM of posterior re(iion of lorica, L. S. D, diagrammatic representation of (c). 
BE. border frinne: DW, dorsal wall: EDS, electron-dense spheres: ELS, electron-lucent spheres 
S, spheres: Su, substratum: VW, ventral wall, 
b- 
, Mý DW 
wall, the regular fibrous arrangement is lost and the wall meterial is 
deposited much more amorphously. This is the site of the so-called 
border fringe. 
The zooid of P. decumbens is bound by a pellicle, the structure 
of which is essentially similar to that of other sessile peritrichs 
(Faure-Fremiet et ai, 1962; Handall & Hopkins, 1962; Loom & Corliss, 
1968; Kawamura, 1973). There are three plasma membranes, the innermost 
membrane being separated from the second membrane by the pellicular 
alveoli which are approximately 40 nm wide (plate 27). The alveoli 
are concave in contracted organisms, unlike some other peritrichs, for 
example Epistylis anastica (Faure-Fremiet, etal )and Pseudovorticella 
monilata (Kawamura, 1973), in which they are convex. The two inner 
membranes, the 'inner' and 'outer' alveolar membranes of Lom & Corliss 
(1968) are thrown into regular folds at approximately 0.2 pin intervals 
so as to form the characteristic transverse striations. At the top of 
many of these peaks, the membranes join forming a continuous alveolar 
mambrane. The third, or outer pellicular membrane is stretched across 
the top of the ridges and does not appear to follow the contour of the 
underlying pellicle. Below the pellicle are the membrane myonemes and 
body myonemes which are responsible for contractility of the zooid. 
vi. Energy DisperUive Analysis by X--iay ( DAX) 
The results of elemental analysis of the lorica wall using EDAX 
is shown in plate 26. The dorsal wall and the spheres were analysed 
separately and from this qualitative analysis of the results, it is clear 
that few inorganic elements are present in detectable quantities at either 
location. In the dorsal wall, manganese was the most abundant element 
present closely followed by iron. The spheres have a distinctly different 
elemental spectrum, with silica and phosphorus being the most readily 
detectable elments, followed by calcium and iron. The concentration of 
mangnewe in the spheres appears to be low. Both dorsal and ventral walls 
of the lorica gave similar spectra. 
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Plate 26 
a 
Plate 26 
-- 
l 
Platycola decumbens, TEI1 of lorica, L. S. and EDAX spectra of: (a) spheres; detectable elements 
include silica and phosphorous (approximate peak centres 1,74 and 2.0 keV respectively), Calcium 
is also present, (b) Dorsal wall; detectable elements include manganese and iron (approximate 
peak centres 5.9 and 6,6 keV respectively), In both spectra, the effect of contamination from the 
copper grid is prominant (both Ko<and Kj peaks >8.0). 
Plate 27 
o 
ý---- 
Plate 27 
Platycola decumbens. A, TEN of zooid pellicle, L. S. B, dianrammatic representation of (a), 
A, alveoli: EDF, electron-dense fibre: IAM, inner alveolar membrane: r1M, membrane mvonewe: 
OAM, outer alveolar membrane: OPM, outer Del Iicular membrane: PP, Del Iicular pore. 
IV DISCUSSION 
Tests and loricas are universal structures among the Protozoa 
with examples to be found in almost every group. Some types, for example 
those of testate amoebae and foraminifera, have been the subject of 
detailed studies and their structure is relatively well understood 
(for review, see Brown, 1975). The nature of the peritrich lorica is still 
the subject of some speculation and the literature on the subject is 
scarce. The earliest work of any significance was that of Faure-Fremiet 
(1904) who found that the lorica of the genus Cothurnia gave a positive 
reaction when stained with congo-red. From this, he concluded that the 
lorica was composed of the acetylated polysaccharide chitin, a result 
which was subsequenlty confirmed by Bussers & Jeuniaux (1974). Some 
years later the same author (Faure-Fremiet, 1932), in contradiction, 
reported that the affinity for congo-red was indicative of the glycoprotein, 
tectin. Hamilton (1952) and Brown (1975) have since confirmed that congo- 
red is not specific for chitin. 
Stiller (1971) described the peritrich lorica as being pseudochitinous 
while Sleigh (1973) suggested that it is probably a proteinaceous or 
mucopolysaccharide secretion. That the lorica in pllatycola was found to 
be unresponsive to cytochemical stains parallels the situation found in 
the testate amoeba Arcell. a when, in an extensive analysis of the test, 
it was found that most stains gave a negetive result (Moraczewski, 
1971a). The test eventually gave a positive reaction using the 
Acetylated-PAS and Peracetic Acid-Schiff reagents, indicating that this 
structure has carbohydrate and lipid components. It is possible that 
more than one organic compound is present in the lorica of Platycola, 
bound intimately together in such away as to prevent normal staining 
reactions (Neff & Neff, 1969). Certainly the results of geoscan energy 
dispersive analysis indicate that a high proportion (perhaps 80%) of the 
lorica could be organic in nature. Similarly, Gonzalez (1979) reported 
the presence of a high protein content for the lorica of Thuricola 
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follicu ata. Further evidence of this high organic content is su6, gested 
by the fibrous nature of the lorica as revealed by Tj: TM. This arrangement, 
which also occurs in Thuricola 
(Gonzalez 1979), is typical of proteinaceous 
and mucopolysaccharide materials (Moraczewski, 1971a). 
Little is known concerning the method of lorica secretion in the 
genus Plattcola. Kralik (1961) partly overcame difficulties in observing 
the deposition of the transrarent test by immersing the developing 
organism in dilute, coloured solutions. It was noted that the process of 
secretion took one to three hours with the posterior end being deposited 
first and subsequent layers being added to this. Gonzalez (1979) 
described a similar sequence of events for Thuricola, the lorica material 
being synthesised in the ergatoplasm of the cell and stored in 
cytoplasmic vesicles just beneath the pellicle. Secretion occurs by 
exocytosis at the level of the scopula. In Flatycola, the zooid takes 
on a distinctly rounded appearance during secretion of the lorica and 
undergoes periodic contractions at a rate of three or four per minute. 
Corresponding nuclear changes also occur during secretion. 
Ion beam etching revealed that the fibre arrangements within the 
dorsal lorica wall are predominently transverse and T; M revealed that 
there are five or six layers of fibres within an amorphous matrix. The 
ventral wall has a similar structure. Biochemical methods of analysis 
would undoubtedly be useful in the identification of the organic 
compounds present in the lorica, but would require an estimated 5 mg dry 
weight (approximately 2500 loricas) of test material (Moraczewski, 1971b). 
Until such time as this ciliate can be cultured free of contaminating 
aufwuchs material, the exact organic content of the lorica of Platycola 
will remain unknown. 
The presence of inorganic substances in protozoan tests has been 
well documented and the literature on the subject is abundant. Among the 
peritrich ciliates however, evidence for this is scarce and often only 
circumstantial. One example of this is the colour change observed in the 
secreted structures of peritrichs. Most frequently this is from yellow 
to brown and is usually attributed to the gradual accumulation of iron 
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com, )ounds. i; xamples of this phenomenon have also been re,, or"ted fo, - 
the specialised stalk of ý, pistylis helistylum(Vavrra, 196, '--') and the ion car 
of i'yxicola nolandi (Finley & Bacon, 1965). Brown (1970 suggested that 
these colour changes could also be due to other factors, such as the 
presence of manganese, or protein tanning by quinone. Furthermore, 
,, r ingsheim (1946) has described a sessile grou _) of f 1a: -e llates of th e 
family Bikosoecidae which have stalks formed exclusively of 1, r own mang; anic 
compounds within a colourless ferric hydroxide gel. The results of `eoscan 
analysis certainly indicate the presence of manganese in the lorica of 
r. decumbens and this could at least partially be responsible for the 
brown coloration observed in mature forms. 
The only report to indicate the exact location of these inorganic 
eiements in peritrich loricas is that of Bick (1972) who sug; e,. -. ted that 
iron is deposited on the Surface of the lorica as a layer of r'e(uH)-. 
However from iýDAX analysis performed here it can be seen that heavy metals, 
including iron, are found within the lorica wall itself. Among other 
protozoa, heavy metals have been found to be chemically bound to organic 
compounds in the shell, for example in testate amoebae (Hediey et al, 1976) 
and foraminifera (Buchanan & Hedley, 1960; Hedley, 1963). In some 
fo: ra. minifera (i. e. those . rit}: ca., ol to and aragonite 
of mauriee. ium has been : "e.. ol"ted and the concentration of t} is at; peal: 
to be U'ene tica 1 ly controlled, independent of enviror.: ental 1 evr is jo(. & 
B1. ackmo: 'e, 19 ). when the concentrations', of heavy metals in the : aver 
Tilling; bour"ne (tablet are c: on aced with those found in the !. orica of 
i-. decumbent, (table 9), it is seen that the concentration of iron in the 
,. fiver is significantly hif,; her than that of manganese, whereas.. in t: ho: 
loLica, the reverse i: - the case. From these results, it is a-raror 
that manganese is being concentrated in the lorica by some meets. 
Whether the ? orica has a greater affinity for manganese, or if P. decumbent, 
is selectively concentrating this element is still unknown. A third 
possibility is that the organism couLd have a , reference for any one of 
these elements during lorica construction but if availability was restricted, 
the organism might resort to similar metalic elements which are freely 
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available in its environment. 
the role layed by these elements is still unclear. In or. e 
fors: -rýi. niferan t7roup, 
the Textulari Ina, the shells contain or"ardca, i1y 
bound iron and calcium, and if these elments are --emoved by the 
sequesterir. L at'ent 1'tß, the shell a . yidl. y degenerates shed ley , l96 
om this it was concluded that iron and ca! c, iurn r: f: f ... _f: ntial ro . 
t'n 
s: tabi ' ity of the she-il (Buchanan & iieciiey, 1(, )6C; HE, d i ey , l9 l 1' 
63 j. 
interestingly durin,; the course of this study, it was noticeable that young, 
colourless loficas, which had low concentrations of iron, were tyi-ica. lly 
more fragile than their older, iron-rich counterparts. 
The origin and function of the spheres on the loi. "ica is stil_i unkne, ýr:, 
and no structures of equivalent size and shape have been found among; other 
. eritrich gi; 
iates or indeed, among the )rotozoa in gene. al. .f 
they 
ori. EJnate from extraneous sources, they could be either biological or 
mineral in nature. If bio. Logical, the obvious contenders are fror: the 
aufwuchs community i. e. bacteria, algae and fungi. However the smallest 
bacterium known rseudomonas indigofera (Voges) i-: igula, 1900 is o%-16 pm 
in Jength and 0.06 pm in diameter, rather too large to be considered since 
wall spheres range in size from 30 - 600 nm in diameter. borne deep-sea 
xenophyo, »hores are known to accumulate st. neres measuring i. -2 }zm in 
diameter on their : ýur_face which are comt. osed of the mineral barite 
(;; ooday & Nott, 1982). These are also too large to be considered as 
contenders for the spheres on Y. decumbens. Manton et al (1965) found 
numerous sma . 
l, mineralised plate-like scales on the surface of the 
flagellate Micomonas eguamata which varied in size from 0.14 pm to 0.4 }am 
in diameter. 'Similar structures have also been described in the 
(.; hrysomonadina group (Parke et al 19 , 5,1959). In several. instances no 
cementing material or any other form of attachment has been detected for 
these scales even after examination by electron microscopy (Brown, 1975). 
The spheres of Y. decumbens have no apparent internal. structure and r.: DAX 
analysis has shown that silicon and phosphorus are ; )resent. This suggests 
that they are of non-biological and are probably mineral in origin. If 
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these spheres originate from within the zooid during lorica construction, 
this would be the first evidence of a silicon metabolism within the 
Cillio,, hora. Further evidence of an internal origin comes from both 
their presence on loricas from dissimilar sampling sites and also the 
presence of slight depressions beneath the spheres when observed by TEM. 
In conclusion, it can be seen that there are several aspects of 
the lorica of Platycola which remain poorly understood and much work 
needs to be done, particularly with regard to its chemical content, 
0 
ultrastructure, aide of secretion and variability of size and shape. 
Clearly, the development of a reliable culture technique would be of 
great benefit in furthering our knowledge in these areas. In the 
meantime, it is recommended that for taxonomic purposes, greater 
attention should be paid to the various zooid features traditionally 
associated with peritrichs (see pp 200-204 ) and much less emphasis 
should be placed on the lorica. 
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Chapter Five 
Taxonomic Revision of the Genus 
Vorticella 
A. INTRODUCTION 
Anyone who has had much experience with the identification of 
free-living ciliates will be familiar with the difficulty of distinguishing 
the species of Vorticella-their plastic body shape, variable size, and 
highly contractile nature has made them one of the most difficult of all 
ciliates to study and identify. The last major revision of the genus was 
that of Noland & Finley (1931) who found in the literature over 200 names 
and descriptions. Many were clearly not cogeneric, the majority being 
either rotifers or other protozoa, but even after the rejection of these 
forms, some 94 nominal species still remained. Over the intervening 
fifty years another 113 species and varieties have been added to give a 
total of 207 to date. With so many different taxa all conforming to the 
same basic structure in having an unbranched, spirally contracting stalk 
attached to a substrate at one end, and a bell-shaped zooid with a distal 
crown of cilia at the other, the task of the ecologist trying to identify 
individual isolates has become particularly onerous. 
Several keys have been produced to aid Vorticella identifications 
but these are largely restricted to groups of species inhabiting particular 
environments. These include keys to the species of North American 
vorticellae (Stokes, 188-, species commonly found in activated sludge 
(Curds, 1969), vorticellae of Europe (Stiller, 1971), and those species 
found as parasites and epibionts of Cladocera (Green, 1974). The only 
comprehensive key covering all the species of Vorticella is that of Kahl 
(1935)" It was therefore considered that another revision of the genus 
along with a key to the identification of the species was long overdue. 
B. MORPHOLOGICAL CHAAACTEBS TRADITIONALLY USED IN VOk ICELLA TAXONOMY 
Traditionally, the taxonomy of the vorticellae is based on characters 
which are mainly concerned with general zooid morphology. These have been 
discussed in detail by Noland & Finley (1931). In recent years biometric 
data derived from the analysis of pellicular structures had received 
greater attention (Hobbs & Lang, 1964; Reid, 1967; Barlow & Finley, 1976 
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and Foissner & Schiff mann, 1974 & 1975) and various aspects of this 
were considered in Chapter 3. Therefore, it is sufficient here to give 
a brief summary of the principal characters now used to separate species. 
1. Body Shape. The outline form of the zooid is the first 
and most readily recognisable feature among vorticellae 
and is probably its most valuable taxonomic trait. However, 
it should be noted that in some species, the body contour is 
highly variable and nearly all vorticellae alter in shape as 
conditions change in a culture or in a drop of material under 
examination. In view of this, freshly isolated and healthy 
specimens only should be used when describing body shape. An 
identification scheme for the species of this genus based on 
this character is given later in this chapter. 
2. Size. Size, i. e. the length and width of the zooid, is a useful 
feature for distinguishing species but here also, there is 
considerable overlap between, and variability within, species. 
Consequently, it has been suggested that size ratios, e. g. zooid 
length : width or peristomial lip: body width, might be less 
variable and therefore, a more useful way of expressing these 
dimensions than recording the actual size (Kahl, 1935)" 
3. Colour. There are three sources of colour within the zooid, the 
cytoplasm itself, the contents of the food vacuoles, and the 
cytoplasmic inclusions. The first two were rejected by Noland 
& Finley (1931) as being of little taxonomic significance since 
they are known to vary according to the nature of the food consumed. 
The third source of colour, the cytoplasmic inclusions, i. e. the 
endosymbiotic zoochlorellae and waste and reserve granules, are 
of greater importance. Graham & Graham (1980), for example, have 
shown that when present, endosymbiotic zoochlorellae constitute 
a permanent feature within the cell and may consequently be 
regarded as a reliable character. Further studies are necessary 
before the waste and reserve granules can be similarly accepted. 
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4. Feristomial Lip. The peristomial lip may vary in thickness, 
width and the degree of eversion, all of which considerably 
influence the general appearance of the zooid. It is therefore 
recognised as a trait of some taxonomic value and is included 
among the species descriptions accordingly. 
5. Peristomial Disc. The peristomial disc is the area at the apical 
end of the cell enclosed by the rows of cilia. Its diameter is 
largely determined by. the overall width of the peristome. In 
some species the disc is typically arched high above the 
peristomial lip whereas in others, it is flat and only slightly 
elevated. It is worth noting that most vorticellae react to 
unfavourable conditions by becoming increasingly globular and 
developing a protruding disc, so if this feature is to be used 
as a descriptive species character it should only be applied 
to freshly collected, healthy specimens. Furthermore, it has 
also been reported that the disc may by furnished with ridges, 
granules or secretions of various kinds but Noland & Finley 
(1931) considered these to be transitory features of little 
taxonomic value. 
6. Vestibulum and Cytopharynx. The width, length and orientation 
within the cell of the oral apparatus are often included in 
species descriptions and these are generally considered to 
be useful characters. 
7. Contractile Vacuole (C. V. ). The number and position of the 
C. V. 's are often cited as being taxonomically significant and 
are included among most species descriptions. `their size and 
rate of pulsation are also frequently quoted but these factors 
should only be considered when there is precise knowledge of 
the osmotic conditions. 
8. Macronucleus. The size, shape and position of the macronucleus 
are widely accepted as reliable taxonomic traits. 
9. Pellicle. The pellicle is an important feature in Vorticella 
taxonomy and special techniques, e. g. SEM and silver stains, 
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are commonly employed to examine various pellicular structures 
such as striations, pores and tubercles. The taxonomic 
significance of these structures is discussed in detail in 
Chapter 3. Foissner & Schiffmann (1974) suggested that the 
configuration of the pellicle between the striations, i. e. the 
'ribbing', may also be significant and they recognised three 
types; normal, concave and convex (fig. 34). This feature may 
be most readily observed by focusing on the edge of the zooid. 
a 
ýt 
ý9 
Figure 34. Showing the three types of ribbing between the 
striations (S) on the peritrich pellicle; a, normal; 
b, concave; c, convex (from Foissner & Sciffmann, 1974). 
10. Stalk. Stalk length has long been quoted among Vorticella 
species descriptions. Neverthe less, while it is true that in 
many species, stalk length does tend towards a modal value, 
individual variation is too great to justify much taxonomic 
reliance. It is possible that each species may have its own 
maximum stalk length and where available, this maximum value 
has been quoted among the species descriptions of valid species 
(p. 223). Further studies are necessary before any decision can 
be taken concerning the taxonomic significance of this feature. 
Noland & Finley (1931) considered stalk width and the distance 
for one complete turn of the spasmoneme spiral, i. e. the inter- 
node distance, to be more consistently uniform characters. 
Unfortunately, these values are seldom quoted in species 
descriptions. Other features of the stalk which may be useful 
for separating species are the thecoplasmic granules and the 
sheath. Thecoplasmic granules are highly refractile bodies which 
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are present on the sparmoneme in some species and are usually arranged 
in longitudinal rows down the length of the stalk. They may be either 
red, green or colourless. The chemical nature and function of these 
granules is not known. The sheath may also be of importance since, in 
some species, it is typically twisted ('tordiert' - Foissner, 1979) 
whereas in others it is straight. Further studies are required in 
order to ensure that this is not a transitory feature. 
Other structures which have been suggested as being taxonomically 
important include cytoplasmic granules, cysts and telotrochs. At least 
two different types of granules have been described in the cytoplasm of 
Vorticella (Noland & Finley, 1931) but their taxonomic significance is 
not known. Cysts have been observed for relatively few species of 
Vorticella and although Corliss & Esser (1974) have indicated their 
importance among the peritrichs, our knowledge of cysts in the group 
as a whole is meagre. `1'elotrochs exhibit several potentially important 
features such as their size, shape, locomotory patterns and the prominence 
of the epistomal membrane at the apical end of the cell. Unfortunately, 
these have only been described in a few species and further studies are 
required if their full taxonomic importance is to be realised. 
Wherever possible, all of the characters listed above were taken 
into account in the revision of the extant species of Vorticella. 
Initially, this took the form of an objective revision in which computer 
methods were employed (see section C below). This was followed by a 
more subjective review in which the various taxonomic deeccisions were 
taken after a careful inspection of the original drawings and descriptions 
(section D). 
C. PRINCIPAL COORDINATE ANALYSIS (P. Co. A) 
In an objective examination of the genus for cases of synonymy, a 
principal coordinate analysis (P. Co. A. ) was employed. Sneath & Sokal 
(1973) have recommended P. Co. A. as a particularly useful technique in 
cases where data sets are incomplete or if the number of characters used 
are of the same order of magnitude as the number of individuals tested. 
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Both were applicable in the case of Vorticella. 
The first step in the analysis is the construction of an nxn 
similarity matrix. This matrix contains a measure of the similarity 
of each individual to every other individual and must clearly have a 
diagonal symmetry. The similarity of two individuals is measured by 
averaging the absolute differences in each of the characters used. 
This is expressed as a percentage with 100% indicating the two 
individuals to be identical and therefore synonymous. A full account 
of the calculations involved in this process is given by Everitt. (198). 
From this matrix points representing the individuals are projected in 
(n-1) dimensional space such that the most similar individuals are 
closest together. Suitable axes are then selected and the points 
projected as a two-dimensional scattergram. 
For the present study, fifty characters, based on those listed 
in the previous section, were recorded on a 'present' (+) or 'absent' 
(-) basis for one hundred well described species of Vorticella. The 
data was then analysed by P. Co. A. which is part of a program package 
available from the BM(NH) Biometrics Department. The resulting similarity 
matrix showed that three pairs of species, V. kenti and V. floridensis, 
V. lichenicola and V. inconstantans, and V. longifilum and V. longiphilum f. 
epizooicum, were very similar to one another with similarity coefficients 
of 100%, 97.1% and 97.0% respectively. However, the vast majority 
scored between 60% and 80% indicating that most species of Vorticella 
can neither be grouped together nor clearly separated from one another 
on this basis. This is clearly illustrated in the scatterplot in figure 
35" 
D. ISST OF I 'SCRIBED St'ECIES AND VAitI. ETIES OF VORTICELLA 
The following checklist is composed of those species which were 
not rejected in the taxonomic revision of Noland & Finley (1931) 
together with the 113 species and varieties which have been described 
subsequently. Two closely related genera, Ha u_ ? recht, 1935 
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Figure 35. Scatterplot showing the results of the Principal Coordinate 
Analysis of 100 Vorticella species based on 50 morphological characters. 
For identification of individuals, see Appendix 1. 
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MNr0 
and Pseudovorticella Foissner & Schiffmann, 1975 have also been 
erected since Noland & Finley's review and many of the species 
previously belonging to the genus Vorticella have been transferred to 
these two recent genera. Furthermore, the Code of Zoological 
Nomenclature (1964) recommends that sub-species and varieties should 
no longer be recognised as separate taxa so these have either been 
synonymysed with the parent species or elevated to the rank of species, 
depending on the differences they exhibit. Instances of synonymy, 
homonymy and the rejection of taxa due to insufficient descriptions are 
also indicated. The taxonomic decisions taken here are based on a 
combination of the results of the L-. Co. A. and a subjective analysis 
of the drawings and descriptions. 
V. abbreviata (Keiser, 1921) Kahl, 1935 was regarded as a distinct 
species by both Kahl (1935) and Foissner & Schiffmann (1974) 
but is probably a variant of V. infusionum. 
V. aeguilata Kahl, 1935 is probably a valid species. 
V. alba Fromentel, 1874 was erroneously moved to the genus Haplocaulis 
by Stiller (1971). It appears to be a valid species of Vorticella. 
V. aldabrandina Kaas, 1921 was so poorly figured and described that it 
cannot be recognised as a distinct species. It therefore is 
considered to be a nomen dubium. 
V. alpestris Foissner, 1979 is probably a valid species. 
V. amphitricha Schmarda, 1854 was described from a specimen in the process 
of telotroch formation. In the absence of a detailed description 
of a normal vegetative cell, it is now considered to be a nomen dubium. 
V. amphiurae Cuenot, 1891 was described as having a straight spasmoneme 
which does not coil up in spiral fashion when it contracts. It 
is now considered to be Haplocaulis amphiurae nov. comb. 
V. anabaena Stiller, 1940 was transferred to the genus Haplocaulis by 
Stiller (1971). 
V. annulata (Gourret & Roeser, 1888) Kahl, 1935 was originally thought 
to be a variant of V. brevistyla but was elevated to the rank of 
species by Kahl (1935). 
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V. and Gourret & Roeser, 1886 is a small (40 pm) spheroidal, 
marine Vorticella and possibly a distinct species. 
V. aperta Fromentel, 1874 is probably a valid species. 
V. artemiae Lepsi, 1965. No diagram was given with this poorly described 
freshwater form: which now becomes a nomen dubium. 
V. banatica Lepsi. The original reference could not be located but 
Stiller (1971), gives a detailed description and diagram of what 
may be a valid species. 
V. bidulphae Stiller, 1939 is a marine species which was found attached 
to Bidulpha chinensis; possibly distinct. 
V. bivacuolata Fukui & Morishita, 1961 was isolated from activated 
sludge and is possibly a valid species. 
V. bosminae Sramek-Hu"sek, 1948 is an epizooite which may be found 
attached to a variety of hosts in freshwater ponds; possibly 
distinct. 
V. brevistyla d'Udekem, 1864 was transferred to the genus Pseudocarchesium 
by Stiller (1971). 
V. calciformis Kahl, 1933 is a marine species which is possibly distinct. 
V. campanula Ehrenberg, 1831 is a valid species which is well 
characterised and figured, and is readily recognisable. 
V. campanula f. monilata Stiller, 1963 has rows of regularly arranged 
tubercles on its pellicle and should be transferred to the 
genus Feudovorticella. To prevent homonymy with P. monilata, it 
renamed Pseudovorticella ati11e nom. nov. 
V. campanula f. minor Stiller, 1953 is an epizooic variant of V. campanula 
and is not sufficiently distinct to be known by a separate name. 
V. campanula f. citrina var. minor Stiller, 1953 18 a variant of 
Y. campanula. 
V. carinogammari Stiller, 1953. Although redescribed by Piesik (1975) 
under that name it had already been transferred to the genus 
Haplocaulis by Stiller (1971). 
V. chinensis Tai, 1931 is distinguished by the possession of an ovoid 
-208- 
macronucleus. Kirby (1942) has shown that bacterial parasites 
within the macronucleus can also cause this effect so V. chinensis 
is now considered to be a parasitised V. convallaria. 
V. chlamydophora Penard, 1922 appears to be identical to V. vestita 
Stokes, 1883. 
V. chlorellata Stiller, 1940 - V. chlorostigma Ehrenberg, 1831. 
V. chlorostigma Ehrenberg, 1831 is a valid species with endosymbiotic 
zoochlorellae. 
V. chydoricola Sramek-Husek, 1946 is an epizooic variant of V. microstoma. 
V. citrina Müller, 1773 is a morphological variety of V. convallaria. 
V. citrina var. turgenscens Stiller, 1931 is variant of V. convallaria. 
V. claparedei Andrussowa, 1886, the mode of contraction suggests that 
this species should be transferred to the genus Haplocaulis. It 
now becomes Haplocaulis claperedei nov. comb. 
V. claudicans Penard, 1922 was transferred to the genus Haplocaulis 
by Stiller (1971). 
V. coeni Lepsi, 1948 is so poorly figured and described that it cannot 
be recognised as a valid species and therfore becomes a 
nomen dubium. 
V. colorata Mereschkowsky, 1877 was distinguished on the basis of its 
pink cytoplasm. Colour alone is insufficient for the separation 
of species (Noland & Finley, 1931), and in the absence of a 
diagram, it is now considered to be a nomen dubium. 
V. communis Ftomentel, 1874 is a distinct species of Vorticella. 
V. conica Dons, 1915. Kahl (1935) renamed this species V. obconica in 
order to solve the problem of homonymy with Stoke's (1887b) 
V. conica. 
V. conosoma Stokes, 1889 was redescribed by Gajewskaja (1933) who 
showed the spasmoneme to be straight and to fold rather than coil 
when it contracts. It is therefore transferred to Haplocaulis 
conosoma nov. comb. 
V. constricta Fromentel, 1874 = V. microstoma. 
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V. constricta Kahl, 1933 is, according to Küsters (1974), synonymous 
with V. marina. 
V. constricts Gajewskaja, 1933 is clearly not a Vorticella since it 
forms colonies. It is therefore transferred from the genus and 
renamed Zoothamnium gaiewskajum nom. nov. 
V. convallaria Linnaeus, 1758 is a well described and readily 
recognisable species of Vorticella. 
V. convallaria var. compacta Nenninger, 1948 is an epizooic form which 
only differs from V. convallaria by the arrangement of its food 
vacuoles. This feature was rejected by Noland & Finley (1931) 
as a basis for separating species. 
V. costata (Sommer, 1951) Foissner, 1979 was originally thought to be 
a variety of V. octava but biometric studies by Foissner (1979) 
showed that it is a distinct species. 
V. crassicaulis Kent, 1881. In his original description, Kent (1880 - 82) 
indicated that on contraction, the stalk folds rather than coils 
and on this basis Stiller (1971) transferred it to the genus 
Haplocaulis. 
V. crassicaulia Nenninger, 1948 appears to be identical to V. longifilum 
Kent, 1881. Synonymysing these two also solves the problem of 
homonymy with the previous species. 
V. craters. Kent, 1881 is the name which Kent applied to Ehrenberg's 
V. Pat ellina. However, Kent's animals were quite unlike any 
other species of Vorticella and V. cratera is now designated as 
a distinct species. 
V. cupifera Kahl, 1935 appears to be identical to V. microstoma. 
V. cyclopicola Kahl, 1935 is probably an epibiotic variety of V. microstoma. 
V. cyclopsis Kahl, 1933 is a marine form which closely resembles 
Y. convallaria. 
V. cylindrica Dons, 1915 appears to be a marine variety of V. campanula. 
V. delicatulata Biernacka, 1963 is probably a marine variety of V. hamata. 
V. difficilis Kahl, 1933 was transferred to the genus Psudoyorticella 
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by Foissner & Schiffmann (1974). 
V. dimorpha Stiller, 1940 is highly variable in shape and is possibly 
a distinct species. 
V. dinneumon Penard, 1922 was transferred to the genus Haplocaul. is 
by Stiller (1971). 
V. dubia Fromentel, 1874 is so poorly described and figured that it 
cannot be recognised as a distinct species. It therefore 
becomes a nomen dubium. 
V. dudekemi Kahl, 1933 - V. cratera. 
V. echina King, 1933 = V. voeltzkowi. 
V. eforiana Tucolesco, 1962. In the original diagram, the author 
shows this species as having a short, straight spasmoneme. It is 
therefore becomes Haplocaulis eforianus nov. comb. 
V. elegans Dons, 1915 was transferred to the genus Intranstylum by 
Nenninger (1948) and later, to the genus Haplocaulis by Stiller (1971). 
V. elongata Fromentel, 1874 is probably a valid species. 
V. ephemerae Kahl, 1935 is an epizooic figm which closely resembles 
V. convallaria. 
V. epizoica Sramek-Husek, 1948 was transferred to the genus Haplocaulis 
by Stiller (1971). 
V. exilis Nenninger, 1948 is possibly a distinct species which is found 
as an epizooite in freshwater environments. 
V. extensa Kahl, 1935 was transferred to the genus Iiaplocaulis by Stiller 
(1971). 
V. extensa var. macronucleata Henninger, 1948 was transferred to the 
genus Haplocaulis by Stiller (1971). 
V. fasciculata Muller, 1773 is distinguished principally on the basis 
of its green colouration. However, it cannot be accepted as a 
distinct species until a more detailed description is available. 
It is now considered to be a nomen dubium. 
V. flexuosa Nenninger, 1948 is a freshwater epizooite and possibly a 
distinct species. 
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V. fluv iý Fromentel, 1874 is a morphological variant of V. microstoma. 
V. floridensis Stokes 1886 closely resembles, and is probably synonymous 
with, V. ken ti (Kent 1881) Kahl, 1935. 
V. fromenteli Kahl, 1935 is probably a valid species. 
V. fusca Precht, 1935 appears to be identical to V. calciformis. 
V. f_ Biernacka, 1963 has a short, straight spasmoneme and is therefore 
considered to be Haplocaulis fuscus nov. comb. This also solves 
the problem of homonymy with the previous species. 
V. fusiforma Nenninger, 1948 was transferred to the genus Haplocaulis 
by Stiller (1971). 
V. globosa Ghosh, 1922 is possibly a distinct species. 
y. globularia Muller, 1773 is possibly a distinct species. 
V. gracilis Dujardin, 1841 was redescribed by Foissner (1979) and 
appears to be a valid species. 
V. granulates Kahl, 1933 is marine with irregular pellicular granules; 
possibly distinct. 
V. halophila Stiller, 1941 is a freshwater species which has clear 
pellicular striations; possibly distinct. 
V. hamata Ehrenberg, 1831 is a well characterised species and readily 
recognisable by its curved zooid. 
V. hyaline Stiller, 1940 is a freshwater form which closely resembles 
V. convallaria. 
V. hyalina Stiller, 1968 was renamed Zoothamnium hyalinum by Stiller (1971) 
which also solved the problem of homonmymy with the previous species. 
V. incerta Nenninger, 1948 is an epizooite with an unstriated pellicle; 
possibly distinct. 
V. inciaa Stiller, 1938 is possibly a valid species of Vorticella. 
V. inclinana Mü1ler, 1786 was transferred to the genus Opercularia by 
curl (1972). 
V. inconstantans Green, 1974 is highly variable in shape but when fully 
extended, it closely resembles V. lichenicola. 
V. iners Schrank, 1803 is so poorly described and figured that it is now 
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considered to be a nomen dubium. 
V. infusionum Dujardin, 1841 was redescribed by Foisaner & Schiffmann 
(1974) and is probably a distinct species. 
V. intermissa Nenninger, 1948 is an epizooite which is distinguished 
on the basis of its spasmoneme which does not reach all the way 
to the zooid. However, during the ecological survey of the 
River Tillingbourne, it was noted that occasionally the spasmoneme 
of Carachesium polypinum was incomplete due to the action of 
bacterial parasites within the stalk. Otherwise, it most 
closely resembles V. pyriforme Stiller, 1939, with which it is 
here synonymysed. 
V_. 'aýerae Precht, 1935 is a marine species living as a symphoriont on 
Jaerae sp.; possibly distinct. 
V. kahli Stiller, 1931 was transferred to the genus Haplocaulis by 
Stiller (1971). 
V. kenti (Kent, 1881) Kahl, 1935 is a very large (zooid 170 pm long) 
and probably valid species of Vorticella. 
V. latestriata Sommer, 1951 is probably a variant of V. std. 
V. latifunda Nenninger, 1948 is an epizooite attached to Lestes sp. 
and possibly distinct. 
V. lichenicola Greeff, 1888 is probably a distinct species of Vorticella. 
V. lima Kahl, 1935 is a marine species with a clearly striated pellicle; 
possibly distinct. 
V. limnetis Foissner, 1979 is a recently described freshwater species. 
V. lockwoods Stokes, 1885 was sysonymysed with V. margaritata var. 
chlorelligera by Kahl (1935) which has since been transferred to 
the genus Pseudovorticella by Foissner & Schiff mann (1975)- 
V. longifilum Kent, 1881 is distinguished by its very long stalk although 
Noland & Finley (1931), rejected stalk length as a character by 
which species can be separated. 
, 
y. longifilum f. evizoeieua Szczepanowski,. 1978 is an epizoolte which 
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is insufficiently distinct to be recognised as a separate taxon. 
V. longimacronucleata Fukui & Morishita 1961 a V. microstoma. 
V. longipharyngea Szczepanowski, 1978 closely resembles V. subsinuata 
Ghosh, 1922. 
V. longiseta Dietz, 1964 is a marine species which may be distinct. 
V. longitricha Gajewskaja, 1933 is a marine epizooite attached to 
gammaridq. It Is probably a valid species of Vorticella. 
V. lutea Stiller, 1938 is a large (zooid 140 pm long) freshwater species 
with a clearly striated pellicle. 
V. macrocaulis Stokes, 1885 - V. longifilum. 
V. macrophya Stokes, 1885 is possibly a distinct species. 
V. macrostoma Schmarda, 185+ - V. campanula. 
V. macrostyla Schmarda, 1854 is probably a variant of V. microstoma 
with a very long stalk. 
y. magna Fukui & Morishita 1961 = V. microstoma. 
V. margaritata Fromente, l, 1874 has rows of regularly arranged tubercles 
on its pellicle and is now considered to be Pseudovorticella 
marßaritata nov. comb. 
V. margaritata var. chlorelligera Kahl, 1935 was transferred to the 
genus Pseudovorticella by Foissner & Schiffmann (1975). 
V. marginate Stiller, 1931 is large freshwater species with a very wide 
peristomial lip; possibly distinct. 
V. mar rata f., poliensis Stiller, 1931 is, according to Szeczepanowski 
(1978), an ecolögical variant of V. marginata which cannot be 
recognised as a separate taxon. 
V. marginata f. minor Stiller, 1931 - V. mar nata according to Szczepanowski 
(1978). 
V. mayeri Faure-Fremiet, 1920 is an unattached, but stalked Vorticella 
that uses its stalk like a flagellum. 
V. marina Greeff, 1870 is a small marine species which is probably distinct. 
Y. micata Kahl, 1933 has rows of regularly arranged pellicular tubercles 
and is now considered to be Pseudovorticella micata nov. comb. 
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V. microscopica Fromentel, 1874 is a minute Vorticella only 12 pm in 
length; possibly distinct. 
V. microstoma Ehrenberg, 1830 is a well known and readily recognisable 
species. 
V. microstoma var. defluviatilis Nenninger, 1948 is a morphological 
variant of V. microstoma. 
V. microstoma f. elongata Stiller (drawing and description in Stiller, 
1971) = V. microstoma. 
V. microstoma f. moni lata, Stiller, (drawing and description in Stiller 
1971) has rows of regularly arranged pellicular tubercles and 
should therefore be transferred to the genus Pseudovorticella. 
To prevent homonymy with P. mono it is renamed Pseudovorticella 
olani nom. nov. 
V. microstoms f. turgescens Stiller (drawing and description in Stiller, 
1971) = V. microstoma. 
V. minima Stiller, 1939 is probably an epizooic variety of V. striata. 
V. minutes Precht, 1935 V. marina Greeff, 1870. 
Y. molesta Stokes, 1889 was not figured by the author and more diagnostic 
features are required before it can be accepted as a separate 
species. It is therefore considered to be a nomen dubium. 
V. nm lis Stokes, 1887 has two contractile vacuoles and rows of regularly 
arranged pellicular tubercles. It is now considered to be 
Pseudovorticella mollis nov. comb. 
V. monies tem, 1870 was transferred to the genus Pseudovorticella 
by Foiasner & Schiff mann (1974). 
V. mortensi Dons, 1922 was described from fixed material and is therefore 
considered to be a nomen dubium. 
V. muralis Penard, 1922 is probably a valid species of Vorticella. 
V. mutans Psnard, 1922 was transferred to the genus Pseüdovorticella 
by Foissner (1979). 
V. nana Kahl, 1933 is probably a marine variety of V. subprocumbens 
Ghosh, 1922. 
I. 
-sla, t&= 
(Faure-Freiniet, 1924) Kahl, 1935 is a detached Vorticella 
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which swims with its stalk extended and projecting forwards. It 
is probably a valid species. 
V. nebulifera Muller, 1773 is a marine variety of V. convallaria. 
V. nutans Müller, 1773 is a marine variety of V. convallaria. 
V. obconica (Dons, 1915) Kahl, 1935 is possibly a distinct species. 
V. oblongs Kirk, 1887 was not figured and only poorly described by the 
author. It is therefore considered to be a nomen dubium. 
V. oceanica Zacharias, 1906 s V. striates. 
V. octava Stokes, 1885 is a freshwater variety of V. striata. 
V. octava var. asellicola Stiller, 1938 has an unstriated pellicle 
and is clearly not a variety of V. octava. However, it closely 
resembles, and may be synonymous with, V. rotunda Nenninger, 1948. 
V. octava f. costata Sommer, 1951 was redescribed by Foissner (1979) 
who elevated it to the rank of species and called it V. costata. 
V. operculariformis Foissner, 1979 is a recently described and 
probably distinct species. 
V. ophiocomae Giard, 1879 is a marine epizooite which was not figured 
and was so poorly described that it is now considered to be a 
nomen dubium. 
V. ovum Dons, 1918 is a large, ovoid, marine species which may be 
distinct. 
V. nartita Fukui & Morishita, 1961 - V. microstoma. 
V. patellina MUller, 1776 is a marine Vorticella with a large, triangular 
zooid; possibly distinct. 
V. patellina Ehrenberg, 1838 is a freshwater Vorticella which is clearly 
different from Müllers V. patellina. It is probably a shallow 
variety of V. campanula. 
V. Pelagica Gajewskaja, 1933 was transferred to the genus Haplocaulis 
by Stiller (1971). 
Y. perlata Kahl, 1933 closely resembles V. verrucosa. 
Y. picta Ehrenberg, (1838) is a well characterised and readily 
recognisable species of Vorticella. 
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v. pileolata Lepsi, 1948 = V. microstoma, 
V. platysoma Stokes, 1887 was recently redescribed by Foissner, 1979. 
V. plicata Gourret & Roeser, 1886 is probably a marine variety of 
V. elongates Fromentel, 1874. 
V. lid rata Szczepanowski, 1978 is a freshwater species epizooic on 
Asellus sp. and is clearly not the same animal as Gourret & 
Roeser's V. plicata. Therefore, in order to prevent homonymy with 
the previous species, it is renamed V. szczepanowskii nom. nov. 
V. procera Nenninger, 1948 is not a Vorticella because the stalk folds 
rather than coils when it contracts. It is therefore considered 
to be Haplocaulis procerus nov. comb. 
V. Pulchella Sommer, 1951 is a freshwater species, epizooic on 
Cyclops sp.; possibly distinct. 
v. up lchra Kahl, 1933 is marine species which may be distinct. 
V. punctata Dons, 1918 has rows of regularly arranged pellicular 
tubercles and is therefore considered to be Pseudovorticella 
punctata nov. comb. 
V. putrina Müller, 1776 is not a Vorticella since Müller specified 
that it has a rigid stalk. It is now considered to be 
Rhabdostyla Ana nov. comb. 
V. pyriforme Stiller, 1939 is possibly a distinct species with an 
unstriated pellicle. 
V. pyrum collaris Wang Jiaji, 1974 - V. microstoma. 
V. quadranaularis Kent, 1881 has a characteristic constriction near 
the centre of the zooid. It is probably a distinct species. 
V. rhabdo ora Stokes, 1885 is distinguished by its mucilagenous 
investment and its two contractile vacuoles; probably a valid 
species. 
V. robuste Dons, 1922 was described from contracted specimens so it 
cannot be recognised as a valid species. It therefore becomes 
a nomen dubium. 
V. rotunda Nenninger, 1948 is a freshwater species, epizooic on 
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Lestes sp.; possibly distinct. 
V. rotunda var. asellicola Stiller, 1953a° V. rotunda. 
V. rubristilgma Kellicott, 1888 is distinguished by its several rows of 
thecoplasmic granules and an equatorial swelling of the zooid. 
Possibly a distinct species. 
V. salina Schmarda, 1854 - V. globularia ML111er, , 1773. 
V. sepulcreti Foissner & Schiffmann, 1975 is a recently described 
species which closely resembles V. microstoma. 
V. si milis Stokes, 1887 was considered to be a freshwater variety of 
Y. nubulifera by Noland & Finley (1931). Reid (1967) has now 
shown that it is a morphological vacant of V. convallaria. 
V. simplex Nenninger, 1948 closely resembles V. longifilum Kent, 1881. 
V. singularis Kahl, 1933 = V. verrucosa Dons, 1915. 
V. smaragdina Stokes, 1885 is distinguished by its green colouration, a 
feature which was rejected by Noland & Finley (1931) for 
separating species. It therefore becomes a nomen dubium. 
V. solitaria Stiller, 1935 closely resembles V. subProcumbens Ghosh, 
1922 with which it is here synonymysed. 
V. spectrabilis Kent, 1881 was renamed V. kenti by Kahl (1935) in 
order to solve the problem of homonymy with Bory's (1824) 
V. spectrabilia. 
V. svhaý erica d'Udekem, 1864. Without access to the original reference. 
Noland &c Finley (1931) suspected this form to be a variant of 
either V. striate or V. microstoma. However, it appears to have 
a stronger resemblence to V. Klobularia Müller, 1773 with which 
it is here syomymysed. 
V. std Dujaräin, 1841 is a well known and readily recognisable species 
of Vorticella. 
V. striata var. octava (Stokes, 1885) Noland & Finley, 1931 was the name 
applied to the freshwater variety of V. stý. It is no longer 
recognised as a separate taxon. 
V. striata var. octave f. utriculus Szczepanowski, 1978 - V. infusionum 
Dujardin, 1841. 
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V. subconica Stiller, 1946. The original drawing shows a reticulate 
pattern of pellicular striations which necessitates the removal 
of this species from the genus. It now becomes Pseudovorticella. 
subconica nov. comb. 
V. subcylindrica Ghosh, 1922 appears to be synonymous with V. elongata 
Fromentel, 1874. 
V. submicrostoma Ghosh, 1922 - V. microstoma. 
V. sub= Sommer, 1951 is probably a variety of V. striata Dujardin, 
1841. 
V. subprocumbens Ghosh, 1922 is possibly a distinct species of Voricella. 
V. subsinuata Ghosh, 1922 is possibly a distinct species. 
V. subsvhaerica Dons (1915), 1918 was poorly described and figured but 
closely resembles V. communis. 
V. telescopica Kahl, 1935 is a homonym of V. telescopica Kent, 1881. 
V. telescopica Kent, 1881 is a freshwater species of Vorticella with 
two distinct ridges on the zooid. 
V. telescopica var. marina Gouret & Hoeser, 1886 is a marine variety of 
the previous species. 
V. telescopiformis (Gourret & Hoeser, 1886) Kahl, 1935 a Y. telescopica 
Kent, 1881. 
V. teninucleata Dons, 1922 is a poorly characterised marine species 
which was described from contracted specimens. It therefore 
becomes a nomen dubium. 
V. tur cula Wang Jiaji, 1977 is probably a morphological variety of 
V. microstoma. 
V. undulate (Dons, 1918) Kahl, 1935 has a short, straight spasmoneme 
and was originally called Vorticellopsis undue. It was so 
poorly described that it is now regarded as a nomen dubium. 
V. urceolus Biernacka, 1963 is probably a morphological variety of 
Stiller's (1953). Y. carinogaimari (=Haplocaulis carinogammari). 
V. urnula Nenninger, 1948 closely resembles V. log bola Ghosh, 1922. 
V. utriculus Stokes, 1885 is probably a variant of V. infusionum 
Dujardin, 1841. 
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V. variabilis Stiller, 1939 is a marine form which closely resembles 
V. bidulphae. 
V. vex Nenninger, 1948 is an epizooic form with a unique mode of 
contraction; possibly distinct. 
V. vernalis Stokes, 1887 is a freshwater species of Vorticella with two 
contractile vacuoles and irregular pellicular tubercles. 
V. verrucosa Dons, 1915 is a marine species with irregular pellicular 
tubercles; possibly distinct. 
V. vestita Stokes, 1883 is a distinct species of Vorticella with a 
membranous alveolar investment. 
V. voeltzkowi Sondheim, 1929 is readily recognised by the rows of 
thorn-like projections on the pellicle. 
V. zooanthelligera Stiller, 1968 has rows of regularly pellicular 
tubercles and is therefore considered to be Pseudovorticella 
zooanthelligera nov. comb. 
Several species originally described as Vorticella have now been 
transferred to other peritrich genera. These include; 
Haplocaulis amphiurae (Cuenot, 1891) nov. comb. 
H. anabaenae Stiller (1940), 1971. 
H. carinogammari Stiller (1953), 1971 (syn. V. urceolus Biernacka, 1963). 
H. claparedei (Andrussowa, 1886) nov. comb. 
H. claudicans (Nenard, 1922) Stiller, 1971. 
H. conosoma (Stokes, 1889) nov. comb. 
H. crassicaulls (Kent, 1881) Stiller, 1971. 
H. dipneumon (Penard, 1922) Stiller, 1971. 
H. eforianus(, icolesco, 1962) nov. comb. 
H. elegans (Dons, 1915) Stiller, 1971. 
H. epizooicus (Sramek-Husek, 1948) Stiller, 1971. 
H. extensus (Kahl, 1935) Stiller, 1971. 
H. fuscus (Biernacka, 1963) nov. comb. 
H. fusiformis (Nenninger, 1948) Stiller, 1971. 
H. kahlii Stiller (1931), 1971. 
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H. jolani Stiller nom. nav. 
H. macronucleatus (Nenninger, 1948) Stiller, 1971. 
H. pelaqdcu5 (Gajewskaja, 1933) Stiller, 1971. 
H. procerus (Nenninger, 1948) Stiller, 1971. 
H. stilleri Stiller nom. nov.. 
ppercularia inclinans (MUller, 1776) Guhl, 1972. 
Pseudocarchesiun brevistylum (d'Udekem., 1864) Stiller, 1971. 
Pseudovorticella difficilis (Kahl, 1933) Foissner & Schiffmann, 1975. 
F. margaritata (Fromentel, 1874) nov. comb. (=P. margaritata f. chlorelligera 
(Kahl, 1935) Foissner & Schiffmann, 1975, syn. Y. lockte i, 
Stokes, 1884). 
P. micata (Kahl, 1933) nov. comb. 
P. mollis (Stokes, 1887) nov. comb. 
P. monilata (Tatem, 1870) Foissner & Schiff mann, 1975. 
P. mutants (t'enard, 1922) Foissner & Schiffmann, 1975. 
p. punctata (Dons, 1918) nov. comb. 
P. subconica (Stiller, 1946) nov. comb. 
P. zooanthelligera (Stiller, 1968) nov. comb. 
Fthabdostyla pu tý (Moller, 1776) nov. comb. 
Zoothamnium gaiewskaium (Gajewskaja, 1933) nom. nov. 
Z. hyalinum Stiller (1948), 1968. 
The following species of Vorticella were described and drawn in 
insufficient detail to be either recognised as separate taxa or 
synonymysed with existing, valid species. They are therefore considered 
to be nomena dubia= 
V. aldabrandina Kaas, 1921. 
V. amphitrica Schmarda, 18514. 
V. artemae Lepsi, 1965- 
V. coeni Lepsi, 1948. 
V. cold Mereschkowsky, 1877- 
V. dubia Fromentel, 1874. 
V. fasciculata Muller, 1773. 
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V. iners Schrank, 1803. 
V. molests Stokes, 1889. 
V. mortensi Dons, 1922. 
V. oblo a Kirk, 1887. 
V. ophiocomae Giard, 1879" 
V. robusta Dons, 1922. 
V. smaragdina Stokes, 1885. 
V. teninucleata Dons, 1922. 
V. undulata Dons, 1918. 
E. DESCRIPTIONS OF VALID SPECIES OF VORTICELLA 
V. aeauilata Kahl, 1935 
DIAGNOSIS (fig. 36); zooid 40 - 50 ps long x 20 }ua wide, peristomial 
lip 15 jim wide; peristome region constricted giving body the appearance 
of a somewhat elongated barrel; peristomial disc bulges prominently 
above lip; clearly striated; macronucleus C-shaped, situated longitudinally 
along the axis of the body; one C. V. situated near the cytopharynx. 
HABITAT; a variety of freshwater habitats including activated sludge. 
25 Nm 
Figure 36. V. aeguilata (after Kahl, 1935). 
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V. alba Fromentel, 1874 
DIAGNOSIS (fig. 37a); zooid 60 - 80 µm long x 25 pin wide, inverted 
bell-shape and constricted below peristomial lip which measures 25 pm 
across; disc convex; vestibulum reaches 1/3 body length; C. V. situated 
in upper 1/3 of zooid; macronucleus C-shape and lies longitudinally 
in centre of body; pellicle smooth and unstriated. 
HABITAT; freshwater, solitary. 
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Figure 37. a, V. alba (after Curds, 1969); b, V. alpestris zooid; 
c, telotroch (after Foissner, 1979). 
I 
V. alpestris Foissner, 1979 
DIAGNOSIS (fig. 37b & c); zooid 35 - 45 PA long x 20 }im wide the 
middle portion of the body cylindrical and constricted below peristomial 
lip which measures 20 pm across; disc convex; vestibulum wide not quite 
reaching centre of zooid; C. V. lies just above centre of body and empties 
into ventral wall of vestibulum; macronucleus C-shaped, slightly longer 
and thicker proximally, and situated longitudinally with respect to 
major axis of zooid; pellicle distinctly striated with concave ribbing. 
HABITAT; freshwater. 
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V. annulata Gourret & Roeser, 1888 
DIAGNOSIS (fig. 38a). zooid 55 pm long x35 pa wide, inverted bell- 
shape with constriction below peristomial lip which measures 35 um across; 
C. Y. large and situated just below peristome; stalk up to 200}tm long. 
HABITAT; originally found in Corsica. 
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Figure 38. a, V. annulata; b, V. and (after (; curet & Hoeser, 
1888). The zooid size of V. anomala was not given in the original 
description. 
V. an! Gourret & Roeser, 1888 
DIAGNOSIS (fig. 38b); zooid spherical, truncated by peristome; disc 
arched prominently above narrow peristomial lip; macronucleus short, 
straight and lies obliquely across lower part of zooid; C. V. large and 
located centrally; pellicular striations not visible; halfway down 
stalk is a distinct ridge below which the stalk is wider and non- 
contractile. 
HABITAT; marine, solitary. 
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V. aperta Fromentel, 1874 
DIAGNOSIS (fig. 39a); zooid 60 µm long x 45 }m wide, inverted bell- 
shape and constricted below peristomial lip which measures 
45 )IM across; 
disc flat or slightly convex; vestibulum short; O. V. situated just below 
peristome; pellicular striations not visible; entire zooid covered by a 
smooth membranous layer, most easily seen in lower region; stalk up to 
200 )Im long. 
HABITAT; freshwater. 
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Figure 39. a, Y. a rta (after Fromentel, 1874); b, V. astyliformia 
(after Foissner, 1981). M- membrane. 
V. astyliforale Foissner, 1981 
DIAGNOSIS (fig. 39b); zooid 30 - 50 p. m long x 35 - 45 p. m wide, nearly 
spherical with a narrow peristomial lip measuring 20 pm across; 
vestibulum reaches centre of zooid; C. V. situated just below peristome 
and empties into left hand wall of vestibulum; macronucleus C-shape 
lying transversely across centre of body; pellicle clearly striated and 
has concave ribbing; stalked, vegetative form rarely seen - usually 
found as telotroch which is slender and has prominent epistomal membrane. 
HABITAT; freshwater, originally isolated from Alpine soils. 
-225- 
V. banatica Lepsi. 
DIAGNOSIS (fig. 40a); zooid 60 - 80 pm long x 50 µm wide, inverted bell- 
shape with a well developed peristomial lip which measures 55 }un across; 
disc prominently arched above peristome; vestibulum reaches 113 body 
length; C. V. situated just above centre of zooid; macronucleus long 
and J-shape with upper arm lying across peristome; pellicle finely 
striated; stalk slender and up to 80 }im long. 
HABITAT; not known. 
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Figure 40. a. V. banatica (after Stiller, 1971); b. V., bidulphae (after 
Stiller, 1939). 
V. bidulphae Stiller, 1939 
SYN; V. variabilis Stiller, 1939 
DIAGNOSIS (fig. 40b); zooid 40 pm long x 20 pm wide, triangular in 
shape with a broad peristomial lip measuring 35 - 45 }gym across; disc 
flat or slightly convex; vestibulum reaches centre of zooid; C. V. situated 
in upper 1/3 of body and empties into right hand wall of vestibulum via 
a short canal; macronucleus C-shape and lies transversely across centre 
of zooid; pellicle distinctly striated and has convex ribbing; stalk 
up to 120 pm long; cysts 32 pm in diameter. 
HABITAT; marine, originally isolated from North Sea. 
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V. bivacuolata Fukui & Morishita, 1961 
DIAGNOSIS (fig. 41a); zooid 95 - 120 µm long x 55 - 68 }un wide, barrel- 
shape and constricted below well developed peristomial lip which measures 
60 µm across; disc prominently arched above peristome; vestibulum short; 
two C. V. 's centrally located in body; macronucleus long, C-shaped and 
lies longitudinally with respect to major axis of body; pellicular 
striations not visible; stalk 3.0 - 4.0 pm in width. 
HABITAT; freshwater, originally isolated from activated sludge. 
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Figure 41. a. V. bivacuolata (after Fukui & Morishita, 1961); 
b. V. bosminnae (after 6ramek-HuAek, 1948). 
V. boaminae Sramek-Hwäek, 1948 
125Pm 
DIAGNOSIS (fig. 41b); zooid 25 - 40 }gym long x 20 - 30 }um wide, somewhat 
rotund and constricted below peristomial lip which measures 15 - 20 µm 
across; C. V. situated just below peristome; macronucleus C-shaped and 
lies transversely across centre of body; pellicle distinctly striated; 
stalk up to 20 }im long. 
HABITAT; freshwater, epizooic on Bow lonßirostria, 'Ihermocycloysis 
hyalinus, Mesocyclons leukarti and M. viridis from forest ponds. 
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V. calciformis Kahl, 1933 
SIN; V. fusca Precht, 1935" 
DIAGNOSIS (fig. 42a); zooid 90 µm long x 65 pm wide, constricted below 
peristomial lip which measures 65 pm across; disc flat and obliquely 
elevated above peristome; C. V. small and situated just below peristome; 
macronucleus long and J-shape lying longitudinally with respect to 
major axis of body, pellicle distinctly striated. 
HABITAT: marine. 
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Figure 42. a. V. calciformis (after Kahl, 1935); b. V. campanula zooid; 
c. telotroch (after No-land & Finley, 1931); W. = refractile granules. 
V. campanula Ehrenberg, 1931 
SIN; Y. campanula f. minor Stiller, 1953 
V. campanula f. minor Stiller, 1953 
_v. cylindrica 
Dons, 1915 
V. macrostoma Schmarda, 18,54 
V. patellina Ehrenberg, 1831 
DIAGNOSIS (figs 42b & c); zooid 50 - 15? }im long (mean 68 pm) x 
35 - 99 pm wide (mean 58 pm); inverted bell-shape and constricted 
below peristomial lip which measures 60 - 125 pm across (mean 78 )am); 
on contraction, peristomial lip becomes puckered; disc flat and obliquely 
elevated above peristome; vestibulum broad; C. Y. situated in upper 1/3 
of zooid; macronucleus long. J-shape and situated longitudinally in body 
with upper arm lying horizontally across peristome, cytoplasm contains 
-228- 
numerous dark, refractile granules; pellicle finely striated; stalk 
up to 500 µm long and spasmoneme has numerous thecoplasmic granules. 
HABITAT; freshwater or marine; forms large pseudocolonies. 
V. chlorostigma Ehrenberg, 1831 
SYN; V. chlorellata Stiller, 1940 
DIAGNOSIS (fig. 43a); zooid 55 - 60 VIM long x 25 -30)Jflwide, almost 
conical in shape, sometimes with a distinct ridge near the telotroch 
band and sharply constricted below peristomial lip which measures 30 - 
35 Wm across; disc flat and slightly elevated above peristome; vestibulum 
reaches w body length; C. V. situated in upper 1/3 of body and empties 
into left hand wall of vestibulum; macronucleus C-shape and situated 
longitudinally in zooid; cytoplasm contains numerous endosymbiotic 
zoochlorellae; pellicle finely striated; stalk up to 600 pm long. 
HABITAT; freshwater lakes. 
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Figure 43. a. V. chloroatigma (after Stiller, 1941); b. V. cow is 
(after Curds, 1969); EZ = endosymbiotic zoochlorellae. 
V. communis Fromentel, 1874 
SYNC V. subsphaerica Dons, 1915 
DIAGNOSIS (fig. 43b); zooid 30 }un long x 25 pm wide, somewhat rotund 
and slightly constricted beneath peristomial lip which measures 25 pm 
across; disc flat; C. Y. situated in upper 113 of body; macronucleus 
C-shape and lies transversely across centre of zooid; pellicle smooth 
and unstriated. 
-229- 
HABITAT; freshwater, solitary. 
V. convallaria Linnaeus, 1758 
SYN; V. chin; Tai, 1931 
V. citrina Muller, 1773 
V. citrina var. turgescens Stiller, 1931 
V. convallaria var. compacts Nenninger, 1948 
_V. gycli opsis 
Kahl, 1933 
V. ephemerae Kahl, 1935 
V. hyalina Stiller, 1940 
V. nebulifera Müller, 1773 
V. nebulifera var. similis Noland & Finley, 1931 
V. similis Stokes, 1887 
DIAGNOSIS (fig. 44); zooid 50 - 95 }im long (mean 77 }im) x 35 - 55 }gym 
wide (mean 44 pm), inverted bell-shape and constricted beneath peristomiai 
lip which measures 55 - 75 pm across (mean 65 pm); disc flat or slightly 
convex and obliquely elevated; vestibulum reaches 1/3 body length; C. V. 
situated in upper 1/3 of zooid; macronucleus long and J-shape with upper 
arm lying horizontally across peristome; pellicle distinctly striated; 
stalk up to 460 }1m long and spasmoneme has numerous thecoplasmic granules. 
HABITAT; freshwater or marine; forms pseudocolonies. 
a 
b 
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Figure 44. V. convallaria, a. zooid (after Foissner, 1979); 
b. telotroch. 
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V. costata. (Sommer, 1951) Foissner, 1979 
SyN; V. octava f. costata Sommer, 1951 
DIAGNOSIS (figs 45a & b); zooid 20 - 28 pm long x 15 - 20 p. m wide 
and constricted below peristomial lip which measures 15 }ua across; disc 
convex; vestibulum extends to 1/3 body length; C. V. situated just below 
peristome and empties into ventral wall of vestibulum; macronucleus 
C-shape and lies transversely across centre of zooid; pellicle has 
concave ribbing between distinct, widely spaced striations; stalk up 
to 150 pm long; telotroch pyriform with prominent epistomal membrane. 
HABITAT; freshwater. 
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Figure 45. a. V. costata, zooid; b. Y. costata, telotroch (after Foissner, 
1979); c. V. cratera (after Küsters, 1974); EM - epiplasm membrane. 
V. cratera Kent, 1881 
SIN; V. dudekemi Kahl, 1933 
DIAGNOSIS (fig. 45c); zooid 120 µm long x 100 pm wide, inverted bell- 
shape with a broad, flat peristomial lip measuring 150 p. m across which 
has an undulating, frill-like border; vestibulum short; C. V. situated 
in upper 1/3 of zooid close to vestibulum; macronucleus long and J-shaped 
with upper arm lying across peristome; pellicle finely striated; stalk 
up to 800 }va long. 
HABITAT; freshwater, forms pseudocolonies. 
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V. dimes Stiller, 1940 
DIAGNOSIS (fig. 46a); zooid 32 -. 35 }im long x 15 - 20 pm wide, variable 
in shape but usually not constricted below peristomial lip which 
measures 25 pm across; disc prominently arched above peristome; 
vestibulum narrow, extending to 1/3 body length; two C. V. 's situated on 
either side of vestibulum, the right hand one lying deeper in cytoplasm, 
pulses more slowly and is formed by the fusion of two or three smaller 
C. V. 's; macronucleus long, thin, C-shape and lies diagonally across 
centre of zooid; pellicle finely striated; stalk slender and up to 
70 pm long. 
HABITAT; freshwater, originally isolated as an epibiont on 
Conchilus unicornis from Lake Holstein. 
a 
25 1 
L-- 
b 
25 pm 
C 
Figure 46. a. V. dimor2tLa (after Stiller, 1940); b. V. elongates relaxed 
zooid; c. V. elongata contracted zooid (after Fromentel, 1874). 
Y. elongata Fromentel, 1874 
SYN; V. plicata Gourret & Roeser, 1886. 
V. subcylindrica Ghosh, 1922 
DIAGNOSIS (figs 46b & c); zooid 60 µm long x 30 µm wide, cylindrical, 
elongate and not constricted below peristomial lip which is well 
developed and measures 40 - 45 }ua across; disc convex; vestibuluaº 
short and broad; pellicle finely striated. 
HABITAT; freshwater. 
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V. exilis Nenninger, 1948 
DIAGNOSIS (fig. 47a); zooid 48 - 60 pm long x 15 - 20 }im wide elongate 
and almost cylindrical in shape but slight constriction beneath well 
developed peristomial lip which measures 20 pm across; disc flat and 
obliquely elevated above peristome; veetibulum short; C. V. lies in niche 
of macronucleus which is short, thick, slightly curved and situated in 
upper 1/3 of body; pellicle distinctly striated; stalk up to 350 µm long. 
HABITAT; freshwater, originally isolated as an epibiont on Lestes virus 
and Lymnea stagnalis. 
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Figure 47. a. V. exilis; b. V. flexuosa, zooid; c. stalk (after 
Nenninger, 1948); Sa sheath; Sp = spasmoneme. 
V. fly Nenninger, 1948 
DIAGNOSIS (fig. 47b); zooid 126 - 144 }im long x 70 pm wide, inverted 
bell-shape with slight constriction below peristomial lip which measures 
75 pm across; disc prominently arched above peristome; vestibulum short 
and broad; macronucleus long, C-shaped and lies longitudinally with respect 
to major axis of body; pellicle finley striated; stalk up to 450 pm long 
and has a twisted sheath; spasmoneme has single row of thecoplasmic granules. 
HABITAT; freshwater, originally isolated as an epibiont on Ricciocarpus 
natans and Asellus aauuaticus. 
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V. fromenteli (Fromentel, 1874) Kahl, 1935 
SYN: V. cuc callus Fromentel, 1874. 
DIAGNOSIS (fig. 48a); zooid 90 pm long x 30 pm wide, elongated 
trumpet-shape and not constricted below peristomial lip which 
measures 40 pm across; disc prominently arched; vestibulum narrow 
and reaches 113 of body length; C. Y. situated just below peristome; 
macronucleus C-shape and lies transversely in upper 1/3 of zooid; 
pellicle distinctly striated; one obliquely orientated ridge is present 
in lower y of zooid. 
HABI TAT; freshwater. 
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Figure 48. a. V. fromenteli (after Kahl, 1935); b. V. lobosa (after 
Nenninger, 1948). 
" V. globooa Ghosh, 1922 
SYN; V. urnula Nenninger, 1948 
DIAGNOSIS (fig. 48b); zooid 25 pm long x 20 - 25 pm wide, spherical 
and with a narrow peristomial lip measuring 10 }na across; disc 
narrow and convex; vestibulum broad and extends to centre of body; 
C. Y. situated in upper part of zooid close to vestibulum; macronucleus 
C-shape and lies transversely across centre of zooid; pellicular 
striations not visible; stalk up to 125 pm long. 
HABITAT; freshwater, originally isolated from pond water near Bengal. 
_2314_ 
V. globularia Miller, 1773 
SYN; V. saliva Schmaxda, 185+. 
Y. sphaerica d'Udekem, 1864. 
DIAGNOSIS (fig. 49a); zooid 160 pm long x 150 pin wide, spherical in 
shape with narrow peristomial lip; pellicular striations not visible; 
stalk up to 1000 Nm long. 
HABITAT; freshwater, forms pseudocolonies; sometimes attached to 
Cyclops sp. 
50 Nm 
Figure 49. a. V. globularia (after Kent 1880 - 82); b. V. gra. cilis, 
zooid; c. telotroch (after Foisaner, 1979). 
V. gracilis Dujaräin, 1841 
DIAGNOSIS (figs 49b & c); zooid 50 - 70 µm long x 25 - 35 pun wide, 
elongated trumpet-shape and not constricted below peristomial lip which 
measures 35 - 40 pm across; disc convex and obliquely raised above peristome; 
vestibulum broad and reaches centre of zooid; C. V. situated just beneath 
peristome and empties into ventral wall of vestibulum; macronucleus 
J-shape and situated longitudinally in body with upper arm lying across 
peristome; pellicle finely striated with concave ribbing; stalk up to 
350 )IR long and has a twisted sheath; thecoplasmic granules irregularly 
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positioned on spasmoneme; telotroch slender with prominent epistomal 
membrane. 
HABITAT; freshwater. 
V_. granulata Kahl, 1933 
DIAGNOSIS (fig. 50a); zooid 50 - 60 dun long x 30 - 35 pm wide, constricted 
below peristomial lip which measures 20 }an across; disc slightly convex; 
vestibulum short; C. V. situated in upper 1/3 of body; macronucleus long, 
C-shape and lies longitudinally with respect to major axis of zooid; 
pellicle finely striated with irregular granules on surface; stalk up 
to 250 pm long. 
HABITAT; marine. 
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Figure 50. a. V. granulata. (after Stiller, 1935)1 b. V. halophila 
(after Stiller, 1941 ). 
V. halophila Stiller, 1941 
DIAGNOSIS (fig. 50b); zooid 40 - 50 pm long x 30 - 35 µm wide, inverted 
bell-shape and constricted below wide peristomial lip which measures 
38 - 40 }gym across; two C. V. "s situated in peristomial region, both 
emptying into left hand wall of vestibulum; macronucleus long, thin and 
lies longitudinally with respect to major axis of zooid; pellicle 
distinctly striated and has convex ribbing; stalk up to 250 pm long. 
HABITAT; freshwater, forming large pseudocolonies on detritus. 
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V. hamata Ehrenberg, 1831 
SYN; V. delicatulata Biernacka, 1963 
DIAGNOSIS (fig. 51a); zooid 40 pm long x 15 pm wide, elongate and 
typically curved though not constricted below peristomial lip which 
measures 18 µm across; disc flat and obliquely elevated above peristome; 
C. V. situated just beneath peristome; macronucleus C-shape and lies 
transversely across upper 1/3 of body; pellicle finely striated. 
HABITAT; freshwater, solitary. 
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Figure 51. a. V. hamata (after Curds, 1969); b. V. incerta (after 
Nenninger, 1948). 
V. incerta Nenninger, 1948 
DIAGNOSIS (fig. 51b) l zooid 90 jam long x 50 }im wide, somewhat rotund 
and constricted beneath peristomial lip which measures 30 pm across; disc 
prominently arched above peristome and is often umbilicate; vestibulum 
short; C. Y. centrally located; pellicu). ar striations not visible; stalk 
short and has a twisted sheath. 
HABITAT; freshwater attached to Asellus aquaticus and Gammarus sp. 
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V. incisa Stiller, 1938 
DIAGNOSIS (fig. 52a); zooid 65 - 80 pin long x $0 - 55 }m wide and 
sharply constricted below peristomial lip which measures 50 - 60 p. m 
across; disc prominently arched above peristome; vestibulum short and 
broad; C. Y. situated just below peristome and empties into ventral wall 
of vestibulum via a short channel; macronucleus C-shape and lies 
transversely across upper part of body ; pellicle finely striated 
and has convex ribbing; stalk up to 150 µm long, thecoplasmic granules 
present on spasmoneme. 
HABITAT; freshwater, forming large pseudocolonies. 
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Figure S2. a. V. incisa (after Stiller, 1938); b. Y. infusionwn, 
zooid (after Foissner, 1979); c. telotroch (after KIlsters, 1974). 
V. infusionum Dujardin, 1841 
SYN; V. abbreviata (Keiser, 1921) Kahl, 1935. 
V. atriata var. octava f. utriculus Szczepanowski, 1978. 
V. utriculus Stokes, 1885. 
DIAGNOSIS (fig. 52b& c); zooid 35 - 60 µm long x 18 - 30 Jun wide, 
constricted beneath peristomial lip which measures 15 - 20 pm across; 
vestibulum short; C. V. situated just below peristome; macronucleus C-shape 
and lies transversely across centre of body; pellicle distinctly striated 
and has concave ribbing. 
HABITIAT; freshwater. 
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V. jaerae Precht, 1935 
DIAGNOSIS (fig. Da); zooid 40 - 53 µm long x 30-40ymwide, inverted 
bell-shape and constricted below peristomial lip which measures 35 - 40 pm 
across; disc flat and obliquely elevated above peristome; C. Y. situated 
in upper 113 of body; macronucleus long, irregularly shaped and twisted; 
pellicle distinctly striated; stalk up to 120 pm long. 
HABITAT; marine, forming pseudocolonies attached to Jaera marina. 
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Figure 53. a. V. erne (after Precht, 1935); b. V. ken ti. (after Stiller 
1971) . 
V. kenti (Kent, 1881) Kahl, 1935 
SYN; V. floridensis Stokes, 1886. 
V. spectrabilis Kent, 1881. 
DIAGNOSIS (fig. 53b); zooid 170 }gym long x 60 µm wide, elongated trumpet- 
shape and not constricted below peristomial lip which measures 100 - 120 }m 
across; disc flat; vestibulum short= C. V. situated just beneath peristome; 
pellicle finely striated; stalk up to 500 dun long. 
HABITAT; freshwater ponds, forming large pseudocolonies. 
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V. latiý__ý__funda Nenninger, 1948 
DIAGNOSIS (fig. ); zooid 60 pm long x 30 pm wide, barrel-shape and 
constricted below thick peristomial lip which measures 30 pm across; disc 
flat and slightly elevated; vestibulum reaches ý body length; C. V. large 
and situated in upper 1/3 of zooid; macronucleus thick, C-shape and lies 
transversely across centre of zooid; pellicle finely striated; stalk up 
to 420 pun long. 
HABITAT; freshwater, attached to Lestes sponsa and L. virens. 
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Figure 54. a. V. latifunda (after Nenninger, 1948); b. V. lichenicola 
(after Penard, 1922). 
V. lichenicola Greeff, 1888 
SYN; V. inconetantans Green 1974. 
DIAGNOSIS (fig. 54b); zooid 50 - 65 }ut long x 25 - 30 µm wide, somewhat 
elongate and constricted beneath peristomial lip which measures 20 pin 
across; vestibulum reaches centre of body; C. Y. situated in upper 1/3 
of zooid, close to vestibulum; macronucleus C-shape or irregular and 
usually lies longitudinally in lower I of body; pellicle finely striated; 
stalk up to 65 pm long. 
HABITAT; freshwater, attached to lichen, mosses or sand particles. 
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V. lima Kahl, 1933. 
DIAGNOSIS (fig. 55a); zooid 60 - 70 )im long x 30 pm wide, usually curved 
and constricted beneath well developed peristomial lip which measures 
25 pm across; disc convex and slightly elevated above peristome; 
vestibulum short; C. Y. lies in upper 113 of body close to ventral wall 
of vestibulum; macronucleus long, C-shape and situated longitudinally 
with respect to major axis of body; pellicle distinctly striated with 
concave ribbing. 
HABI TAT; marine. 
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Figure 55. a, V. lima (after Kahl, 1935); b. V. limnetis (after 
Foissner, 1979)- 
V. limnetis Stokes, 1885 
DIAGNOSIS (fig. 55b); zooid 50 pm long x 35 pm wide, inverted bell- 
shape and constricted below peristomial lip which measures 35 }'m across; 
disc convex and obliquely elevated above peristome; vestibulum broad and 
reaches 113 body length, C. V. lies beneath peristome and empties into 
ventral wall of vestibulum; macronucleus C-shape and lies transversly 
across centre of body; pellicle distinctly striated with concave ribbing; 
stalk has twisted sheath. 
HABITAT= freshwater. 
-241- 
V. longifilum Kent, 1881 
SIN; V. crassicaulis Nenninger, 1948. 
V. longifilum f. epizo oicum Szczepanowski, 1978. 
V. macrocaulis Stokes, 1885. 
V. simplex Nenninger, 1948. 
DIAGNOSIS (fig. 56a); zooid 80 - 90 pm long x 30 - 35 pm wide, inverted 
bell-shape with constriction below peristomial lip which measures 
45 pm across; disc prominently arched above peristomei vestibulum 
short; C. V. lies beneath peristonºial lip; macronucleus C-shape and 
situated longitudinally in upper 2/3 of body; pellicular striations 
not visible; stalk slender and up to 1000 }am long. 
HABITAT; freshwater, solitary, occasionally epibiotic. 
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Figure 56. a, V. 1ongifilwn (after Stiller, 1971); b, V. lon seta 
(after Dietz, 3964)- 
V. 1o seta Dietz, 1964 
DIAGNOSIS (fig. 56b)i sooid 82 }xn long x 50 }a* wide, elongate and not 
constricted below peristomial lip which measures 65 pm across; disc flat 
and obliquely elevated; vestibulum broad and reaches 1/3 body length; 
C. V. lies beneath peristome and empties into vestibulum via short 
channel; macronucleus C-shape and situated transversely across centre 
of zooid; pellicle finely striated with convex ribbing. 
HABITAT; marine. 
-z42- 
V. longitricha Gajewskaja, 1933 
DIAGNOSIS (fig. 57a); zooid 30 }lm long x 25 wide, inverted bell-shape 
with no constriction below peristomial lip which measures 30 - 35 }n 
across; disc prominently arched above peristome; vestibulum reaches 
1/3 body length; C. Y. situated just below peristome and empties into 
vestibulum; macronucleus short, C-shape and lies longitudinally 
in centre of zooid; pellicle finely striated; stalk up to 90 µm long. 
HABITAT; marine, attached to gammarids. 
a 
ýw, ý, ýýýýýýýýýý 
\.. 
25 pm 
it( lit III 1101.11 llýllqý lit, Ill 1111 It 
*: 
;: *, 
, 
11ý11 
,I 
b 
Figure 57. a, Y. longitricha (after Gajewskaja, 1933); 
b, V. lutea (after Stiller, 1938). 
V. lutea Stiller, 1938 
50Nm 
DIAGNOSIS (fig. 57b); zooid 140 pm long x 75 - 80 pm wide, cylindrical 
and not constricted below peristomial lip which measures 80 - 90 µm 
across; disc wide and convex; vestibulum reaches 1/3 body length; C. V. 
situated just beneath peristome and empties into dorsal wall of 
vestibulum; macronucleus long, J-shape and situated longitudinally with 
respect to major axis of body with both ends folded back; pellicle 
distinctly striated and has convex ribbing; stalk up to 700 pa long. 
HABITAT; freshwater, attached to Myriophyllum. 
-243- 
V. macrophya Stokes, 1885 
DIAGNOSIS (fig. 58a); zooid 38 }xm long x 15 - 20 }im wide, elongate 
and almost cylindrical in shape, not constricted below peristomial 
lip which measures 15 - 20 um across; disc flat and obliquely elevated; 
macronucleus short, C-shape and lies in upper 1/3 of body; pellicle 
finely striated and has convex ribbing; stalk up to 60 }im long. 
HABITAT; freshwater and solitary, originally isolated from North 
American ponds. 
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Figure 58. a, V. macrophya (after Stokes, 1885b); b, V. marg1nata 
(after Stiller, 1931). 
V. marginata Stiller, 1931 
SYN; V. mar rata fe poliensis Stiller 
V. nets f. minor Stiller 
DIAGNOSIS (fig. 5ßb); zooid 70 - 90 pm long x 32 - 45 }im wide, 
elongate and slightly constricted below peristomial lip which is thin 
but very wide measuring 100 - 110 }tm across; disc broad, flat and 
obliquely elevated above peristome; vestibulum short, broad and lies 
almost horizontally across peristomial region; C. V. empties into 
right hand wall of vestibulums macronucleus long, C-shape and situated 
transversely in upper I of body; pellicle finely striated; stalk up 
to 270 pm long= no thecoplasmic granules on spasmoneme. 
HABITAT= freshwater lakes. 
V. marina Greeff, 1870 
SYN; V. constricta Kahl, 1933. 
V. minuta Precht, 1935. 
DIAGNOSIS (fig. 59a); zooid 35 - 65 p long x40 - 50 pm wide, 
inverted bell-shape and sharply constricted below peristomial lip which 
measures 40 - 50 }lm across; disc flat and obliquely elevated above 
peristome; vestibulum short; C. V. large and situated just beneath 
peristome; macronucleus long, C-shape and lies transversely across 
centre of zooid; pellicle distinctly striated; stalk up to 300 im long. 
HABITAT; marine, forms large pseudocolonies. 
25 Nm 25 Nm 
b C 
10 pm 
Figure 59. a, V. marina (after Küsters, 1974); b, V. mayeri (after 
Faure-Fremiet, 1920); c, V. microscopica (after Stiller, 1971). 
TG= thecoplasmic granules. 
V. mayeri Faure-Fremiet, 1920 
DIAGNOSIS (fig. 59b); zooid 55 jam long x 30 µm wide, sharply curved 
and constricted below peristomial lip which measures 25 qua across; disc 
convex and elevated obliquely above peristome; vestibulum broad and 
reaches centre of zooid; macronucleus thick, C-shape and lies transversely 
in centre of zooid; pellicle distinctly striated; stalk up to 140 jm 
long, never attached and is used like a long flagellum to aid swimming. 
HABITAT; marine, pelagic. 
V. microscopica Fromentel, 1874 
DIAGNOSIS (fig. 59c); zooid 12 pm long x 8.0 pm wide, inverted bell- 
shape but not constricted below peristomial lip which measures 10 pm 
across; pellicle striated; stalk long and spasmoneme has red thecoplasmic 
granules. 
HABITAT; freshwater. 
-24,5- 
V. microstoma Ehrenberg, 1830 
SYN; V. chydoricola nramek-Husek, 1946. 
V. constricta Fromentel, 1874. 
V. cupifera Kahl, 1935. 
Y. cyclopicola Kahl, 1935. 
V. fluvialis Fromentel, 1874. 
V. longimacronucleata Fukui & Morishita, 1961. 
V. macrostyla Schmarda, 1854. 
V. Magna Fukul & Morishita, 1961. 
V. nmicrostoma var. defluviatilis Nenninger, 1948. 
V. microstoma f. turgescens Stiller. 
V. aprti ta. Fukui & Morishita, 1961. 
V. gileolata Lepsi, 1948. 
V. pyrum collaris Wang Iia ji , 1974. 
V. sepulcreti Foissner & Schiffmann, 1975- 
V. submicrostoma Ghosh, 1922. 
V. tur cula Wang Jiaji, 1977. 
DIAGNOSIS (fig. 60); zooid 35 - 83 pm long (mean 55 }gym) x 22 - 50 pm 
wide (mean 35 pm), constricted beneath peristomial lip which measures 
12 - 25 pm across (mean 23 }im); disc flat; vestibulum reaches 113 body 
length; C. Y. empties into ventral wall of vestibulum; macronucleus long, 
C-shape and lies longitudinally with respect to major axis of body; 
pellicle distinctly striated; stalk up to 380 pm long(mean 90 pm) x 
1.5 - 4.0 pm wide (mean 3.0 pm). 
HABITAT; freshwater, especially stagnant waters, activated sludge and 
areas of high organic content. 
ab 
25 Nm 
Figure 60. 
, 
y. microstoma: a. zooids b. telotrochi (after Noland & Finley 19: 
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V. muralis Penard, 1922 
DIAGNOSIS (figs 61a & b); zooid 90 - 125 pm long x 35 - 45 pm wide, 
elongate but with distinct bulge in distal part of body and constricted 
below peristomial lip which measures 25 pm across; disc narrow and 
prominently arched above peristome; vestibulum reaches 113 body length; 
C. V. lies just beneath peristome and close to vestibulum; macronucleus 
long, straight with ends folded back and situated longitudinally with 
respect to major axis of body; pellicle finely striated; stalk slender 
and up to 100 pm long. 
HABITAT; freshwater and sphagnum bogs. 
25 Nm 
b \\- EM 
50 Nm 
Figure 61. a, V. muralis zooid; b, telotroch (after Penard, 1922); 
c, V. natans (after Faure-Fremiet, 1924). 
EM- epiplasm membrane. 
V. n&tans Faure-Fremiet, 1924 
DIAGNOSIS (fig. 61c); zooid 100 pm long x 50 }im wide, inverted bell- 
shape though curved and slightly constricted below peristomial lip 
which measures 75 pm across; disc convex and prominently arched above 
peristome; pellicle distinctly striated; stalk up to 700 pa long and 
never attached but tapers distally to a point which consists of just the 
sheath; zooid swims with the stalk held projecting forwards. 
HABITAT; freshwater, pelagic. 
-247- 
V. nutans Muller, 1773. 
DIAGNOSIS (fig. 62a); zooid 60 - 80 uu long x 25 - 30 µm wide, 
elongate and held in characteristic nodding position on stalk; body 
constricted. below peristomial lip which measures 30 }ua across; disc 
prominently arched above peristome; C. Y. situated in upper 1/3 of body; 
macronucleus long, thin and lies longitudinally with respect to major 
axis of body; pellicular striations not visible; stalk up to 320 µm 
long. 
HABITAT; freshwater or marine. 
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Figure 62. a, V. nutans (after Curds, 1969); b. V. obconica 
(after Dons, 1915). 
Y. obconica (Dons, 1915) Kahl, 1935 
SYN; V. conica Dons, 1915. 
DIAGNOSIS (fig. 62b)s zooid 55 is long x 45 im wide, inverted bell- 
shape but not constricted below peristomial lip which measures 55 }gym 
across; pellicle has distinct ridge in region of telotroch band; stalk 
up to 90 }im long. 
HABITAT; marine. 
-248- 
V. operculariformis Foissner, 1979 
DIAGNOSIS (fig. 63a); zooid 45 - 55 um long x 30 - 50 }im wide, constricted 
below peristomial lip which measures 15 pa across; disc convex; vestibulum 
short; C. Y. situated in upper 1/3 of body and empties into ventral wall 
of vestibulum; macronucleus C-shape, curved in ring-like manner and lies 
transversely across centre of zooid; pellicle distinctly striated 
with concave ribbing; stalk up to 250 pm long. 
HABITAT; freshwater, originally isolated from rainwater pools. 
a 
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Figure 63. a, V. operculariformis (after Foissner, 1979); 
b, V. ovum (after Dons, 1918). 
V. ovum Dons, 1918 
DIAGNOSIS (fig. 63b); zooid 90 }gym long x 55 pm wide, somewhat rotund 
and constricted beneath peristomial lip which measures 35 pm across; disc 
slightly convex; C. V. lies in upper I of body; pellicular striations not 
visible; stalk up to 7.0 pin wide x 90 pm long but has never been 
observed fully extended. 
HABITAT; marine. 
-249- 
V. garasita Stokes, 1887 
DIAGNOSIS (fig. 64a); zooid 40 pm long x 10 µm wide, elongate and 
constricted below peristomial lip which measures 15 µm across; disc flat 
and obliquely elevated above peristome; C. V. situated in upper 1/3 of 
body; macronucleus C-shape and lies transversely across upper 1/3 of 
body; pellicle finely striated; stalk up to 150 µm long. 
HABITAT; freshwater ponds. 
a b ,,, ''quIIIIIIIII11till llo IMill ni1n, nlrrrIIlrlurrrrrunnr 
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Figure 64. a, Y. p`xasita (after Stokes, 1887b ); 
b, V. patellina (after Kent, 1880-82). 
V. patellina Müller, 1776 
25 pm 
DIAGNOSIS (fig. 64b); zooid 90 pm long x 60 }m wide, conical in shape 
with no constriction below the wide peristomial lip which measures 90 Pm 
across; disc convex; vestibulum short; macronucleus short, C-shape and 
situated longitudinally in centre of zooid; pellicular striations 
not visible; stalk up to 360 pm long. 
HABITAT; marine, forms pseudocolonies. 
-250- 
V. Dicta Ehrenberg, 1831 
SYN; V. picta var. major Nenninger, 1948. 
DIAGNOSIS (fig. 65a); zooid 41 - 63 }im long (mean 58 yzm) x 20 - 37 }un 
wide (mean 32 p), inverted bell-shape and slightly constricted beneath 
peristomial lip which measures 35 - 50 }µm across (mean 45 pm); disc 
convex; two C. V. 's situated in upper 113 of body; macronucleus long, 
J-shape and situated longitudinally in zooid with upper arm lying 
horizontally across the peristome; pellicle finely striated; stalk 
4.0 - 7.0 pm wide (mean 5.9 pm) and up to 550 pm long (mean 340 pm); 
spasmoneme has row of highly refractile thecoplasmic granules which 
may be red or green. 
HABITATi freshwater, forms pseudocolonies. 
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Figure 65. a, j-'Rjct& (after Noland & Finley, 1931); b, Y. plate 
(after Foissner, 1979). 
V. glatysomm Stokes, 1887 
DIAGNOSIS (fig. 65b); zooid 25 µm long x 15 pm wide, inverted bell- 
shape and slightly constricted below peristomial lip which measures 
18 pm across= disc flat and obliquely elevated; vestibulum broad and 
reaches centre of zooid; C. Y. situated in upper 1/3 of body and empties 
into ventral wall of vestibulum; macronucleus C-shape and lies 
transversely across centre of zooid; pellicle distinctly striated and 
has concave ribbing. 
HABITAT; freshwater. 
-251- 
V. pulc hella Sommer, 1951 
DIAGNOSIS (fig. 66a); zooid 46 p. m long x 30 Nm wide, somewhat rotund 
and constricted beneath peristomial lip which measures 20 µm across; 
disc narrow and prominently arched above peristome; vestibulum reaches 
3/4 body length; C. Y. centrally located and empties into vestibulum; 
macronucleus short, C-shape and lies transversely across centre of zooid; 
pellicle distinctly striated and has convex ribbing. 
HABITAT; freshwater, attached to Cyclops sp. 
25Nm 
25pm 
Figure 66. a, V. pulchella (after Sommer, 1951); b, V. pulchra 
(after Kahl, 1935)" 
v_. ug lchra Kahl 0 1933 
DIAGNOSIS (fig. 66b); zooid 40 - 50 pm long x 20 µm wide, inverted 
bell-shape and strongly constricted below peristomial lip which measures 
25 pm across and is furnished with a row of short, pointed projections; 
disc flat and obliquely elevated above peristome; cilia long and 
prominent; vestibulum short; C. V. centrally located; macronucleus long, 
C-shape and lies longitudinally with respect to major axis of body; 
pellicle distinctly striated. 
HABITAT; marine. 
-252- 
V. pyriforme Stiller, 1939 
SYN; V. intermissa Nenninger, 1948. 
DIAGNOSIS (fig. 67a); zooid 45 - 70 im long x 30 - 40 }. un wide, 
inverted bell-shape with slight constriction beneath peristomial lip 
which measures 35 }im across; disc flat and slightly elevated; vestibulum 
broad and reaches centre of zooid; C. V. situated in upper 1/3 of body; 
macronucleus C-shape and lies transversely across centre of zooid; 
pellicular striations not visibles stalk up to 400 pm long. 
HABITAT; freshwater or marine. 
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Figure 67. a, V. P-Yriforme (after stiller, 1935); 
b, V. guadrangularis (after Kent, 1880-82). 
V. auadrammlaris Kent, 1881 
DIAGNOSIS (fig. 67b); zooid 200 pin long x 60 jam wide, elongate and has 
a characteristic constriction I way down; body also constricted beneath 
peristomial lip which measures 65 jam across; disc flat and obliquely 
elevated; C. Y. situated beneath peristome; pellicle finely striated; 
stalk slender and up to 300 pm long. 
HABITAT; freshwater ponds, forms large pseudocolonies. 
-253- 
V. rhabd. ophora Stokes, 1885 
DIAGNOSIS (fig. 68a); zooid 80 }im long x 30 pm wide, asymmetrical with 
one side almost straight while the other has a prominent bulge; disc flat; 
macronucleus long, J-shape and situated longitudinally in body with 
upper arm lying horizontally across peristome; pellicle finely striated 
and has a mucilagenous covering which contains numerous rod-shape 
bacteria; stalk up to 160 pm long. 
HABITAT; freshwater.. 
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Figure 68. a, V. rhabdophora (after Stokes, 1885c); b, V. rotunda 
(after Nenninger, 1948). Mu = mucus layer. 
V. row Nenninger, 1948 
SYN; V. octava var. asellicola Stiller, 1938. 
V. rotunda var. asellicola stiller, 19,59. 
DIAGNOSIS (fig. 68b); zooid 49 }ºm long x 30 }im wide, inverted bell-shape 
and slightly constricted below peristomial lip which measures 30 }am 
across; disc convex; C. V. situated in upper 1/3 of body; macronucleus 
C-shape and lies transversely across centre of zooid; pellicular 
striations not observed. 
HABITAT: freshwater, attached to Lestes sp. 
-254- A 
V. rubristigna Kellicott, 1888 
DIAGNOSIS (fig. 69a); zooid 35 µm long x 20 pm wide, curved and 
slightly constricted beneath peristomial lip which measures 25 pm 
across; disc flat and obliquely elevated; C. Y. situated just below 
peristome; macronucleus S-shape and lies longitudinally down centre 
of body; pellicular striations not visibe; stalk up to 300 pm long; 
spasmoneme has several rows of red thecoplasmic granules. 
HABITAT; freshwater, solitary. 
a 
i; ; "' loll 
TG 
C 
-Q 
Figure 69. a, V. rubristigma (after Kellicott, 1888); b, V. std 
zooid; c, telotroch (after Noland & Finley, 1931). 
TG- thecoplasmic granules. 
V. striata Dujardin, 1841 
SYN; V. latestriata Sommer, 1951. 
V. minima Stiller, 1939. 
V. oceanica Zacharias, 1906. 
V. octava Stokes, 1885. 
V. striata var. octava Noland & Finely, 1931. 
V. suboctava Sommer, 1951. 
DIAGNOSIS (figs 69b & c); zooid 20 - 50 }gym long (mean 3.5 ). 1m) x 15 - 
32 pm wide (mean 19 pm); constricted beneath peristomial lip which 
measures 13 - 26 pn across (mean 18 pm); disc convex; C. Y. situated 
below peristome; macronucleus C-shape and lies transversely across 
centre of body; pellicle distinctly striated with convex ribbing; stalk 
1.6 - 4.0 pm wide (mean 3.0 pm) and up to 300 pm long (mean 100 }un). 
HABITAT: freshwater or marine, solitary. 
-255' 
V. subprocumbens Ghosh, 1922 
SIN; V. nana Kahl. 1933. 
V. solitaria stiller, 1935. 
DIAGNOSIS (fig. 70a); zooid 30 - 50 pm long x 20 - 30 µm wide, 
asymmetric and curved; slightly constricted below peristomial lip 
which measures 20 - 30 pm across; disc flat and obliquely elevated; 
vestibulum short; C. V. situated in upper 1/3 of body; macronucleus 
C-shape and situated longitudinally with respect to major axis of 
body; pellicle distinctly striated; stalk up to 150 pin long. 
HABITAT; freshwater, solitary, sometimes attached to Lemna trisulca. 
a b 
\\'\ 
. ,ý 
*, "ý 
r 
25 Nm 
Figure 70. a, V. subprocumbens (after Ghosh" . 1922); 
b, V. subsinuata (after Ghosh, 1922). 
V. subsinuata Ghosh, 1922 
25 pm 
STh; V. longipharyngae Szczepanowski, 1978. 
DIAGNOSIS (fig., 70b); zooid 40 - 50 )im long x 35 - 40 pin wide, 
inverted bell-shape and may or may not be constricted below peristomial 
lip which measures 40 - 45 pm across; vestibulum broad and short; C. V. 
situated in upper 1/3 of body; macronucleus short, curved and lies 
longitudinally in upper ? of zooid; stalk up to 30 µm long. 
HABITAT; freshwater ponds. 
-256- 
V. szczepanowskii (Szczepanowski, 1978) nov. nom. 
SIN; V. plicata Szczepanowski, 1978. 
DIAGNOSIS (fig. 71a); zooid 43 }µm long x 25 pm wide, 
constricted beneath peristomial lip which measures 25 
disc prominently arched above peristome; macronucleus 
longitudinally in upper Z of body; pellicle distinctl 
convex ribbing. 
HABITAT; freshwater, attached to Asellus sp. 
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Figure 71. a. V. szczepanowskii (after Szczepanowski, 1978); 
b, V. telescopica (after Kent, 1880-82). 
V. telescopica Kent, 1881 
SIN; V. telescopica var. marina Gourret & Roeser, 1886. 
Y. telescopiformis (Gourret & Roeser, 1886) Kahl, 1935. 
HOMONYM; Y. telescopica Kahl, 1935. 
DIAGNOSIS (fig. 71b); zooid 50 }µm long x 15 pm wide, elongate and 
slightly constricted beneath well developed peristomial lip which 
measures 15 - 20 pm across; vestibulum short; C. V. situated in upper 
1/3 of body; macronucleus C-shape and lies longitudinally in centre 
of zooid; pellicular striations not visible but there are two 
characteristic transverse ridges on the pellicle and below each of 
these, the body becomes abruptly narrower; during contraction, these 
portions of the zooid overlap; stalk slender and up to 50 pm long. 
HABITAT; freshwater, solitary. 
-257- 
V. venusta Nenninger, 1948 
DIAGNOSIS (fig. 72a); zooid 36 pin long x 25 - 30 pm wide, inverted 
bell-shape but not constricted below peristomial lip which measures 
30 pm across; disc convex; C. V. lies in upper 1/3 of body in the 
niche formed by the C-shape macronucleus; pellicle distinctly striated 
and has convex ribbing; stalk up to 250 pin long; zooid adopts 
distinctive shape on contraction. 
HABITAT; freshwater, attached to Asellus sp. 
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Figure 72. a, V. venusta, relaxed zooid; b, contracted zooid 
(after Nenninger, 1948); c, V. vernalis (after Stokes, 1887b). 
V. vernalis Stokes, 1887 
DIAGNOSIS (fig. 72b); zooid 50 ýM long x 30 }M wide, elongated 
trumpet-shape with no constriction beneath well developed peristomial 
lip which measures 35 pin across; disc prominently arched above peristome; 
two C. V. 's situated in upper 1/3 of zooid; macronucleus long, C-shape 
and lies longitudinally with respect to major axis of bdoy; pellicular 
striations only visible in lower 1/3 of zooid; pellicle covered with 
irregularly arranged tubercles and granules; stalk up to 350 µm long. 
HABITAT; freshwater ponds. 
-258- 
V. verrucosa Dons (1915), 1918 
SYN; V. perlata Kahl, 1933. 
V. singularis Kahl, 1933. 
DIAGNOSIS (fig. 73a); zooid 60 µm long x 55 im wide, conical in shape 
with no constriction beneath peristomial lip which measures 60 pm across; 
C. Y. situated in upper 113 of body; pellicle has numerous irregular 
tubercles; pellicular striations not visible; stalk 8.0 pm wide and 
up to 40 pm long. 
HABITAT; marine. 
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Figure 73. a, Y. verrucosa (after Küsters, 1974); 
b, V. vestita (after Stokes, 1883 ). 
V. vestita Stokes, 1883 
SYN; V. chlamydophora Penard, 1922. 
DIAGNOSIS (fig, 73b); zooid 50 - 75 }im long x 40 - 50 pm wide, 
inverted bell-shape and not constricted below peristomial lip which 
measures 55 µm across; disc flat and slightly elevated above peristome; m°ä9- t° 
[macronucleus J-shape with upper lying horizontally across peristome; ]_---__S 
vesitbulum reaches 2/3 body length; C. V. situated in upper 1/3 of zooid; 
macronucleus long and J-shape; pellicle finely striated; entire zooid 
covered by transparent, membranous investment which is divided into 
numerous compartments; stalk up to 400 }im long. 
HABITAT; freshwater. 
-259- 
V. voeltzkowi Sondheim, 1929 
SYN; V. echina King, 1933. 
DIAGNOSIS (fig. 74); zooid 30 - 40 pm long x 30 - 40 pm wide, shaped 
like a truncated sphere, but slightly elongated distally and constricted 
below peristomial lip which measures 15 - 20 pm across; disc flat; 
vestibulum short and broad; C. Y. situated in upper 1/3 of body; 
macronucleus short, thick, C-shape and lies longitudinally down centre 
of zooid; pellicle covered in short, pointed projections, 3.0 - 4.0 )IM 
long; pellicular striations not visible; stalk up to 140 µm long. 
HABITAT; freshwater lakes. 
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Figure 74. V. voeltzkowi a, zooid (after Sondheim, 1929); 
b, cyst (after King, 1931). 
-260- 
F. ANALYSIS OF BODY S HAk- 
With so many valid species of Vorticella still remaining, there 
is still a requirement for a practical method by which the ecologist 
may quickly and accurately identify isolates. The first and most 
easily visible morphological character is the zooid shape and this 
was chosen to form the basis for a simple identification scheme. the 
problem that arises in using body shape as a taxonomic character is 
that it is highly subjective - what is elongate to one observer can be 
ellipsoidal to another. Therefore, each zooid shape must first be 
quantified and then analysed mathematically before it can be used for 
comparative purposes. 
Several workers have successfully quantified and mathematically 
analysed biological shapes (Thompson, 1917; Smirnov, 1927; Sneath, 1967; 
Book Lein; 1977). A variety of different methods have been employed 
and these are largely determined by the nature of the shape in question. 
For example, irregular structures such as homzinid skulls are perhaps 
best analysed by the transformation-grid system of Thompson (1917). 
On the other, hand, Gates (1979) showed that protozoan cells with smooth, 
homologous outlines are easily and accurately estimated by employing 
techniques such as interpoint distance analysis or the Fourier transform. 
Both of these as well as a third, more subjective 'pigeon-hole' method, 
were applied in the analysis of Vorticella zooid shapes. 
1. Quantification of Bocdy Shane 
A set of 33 specimen drawings were sLected from the literature to 
represent the range of outline shapes which have been described for 
Vorticella. These fall into five 'shape groups' as indicated in 
table "10.: 
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Group Species 
Cylindrical V. alpestris 
V. aeguilata 
dipneumon 
V. elongates 
V. eforiana 
Triangular V. citrina 
Y. margaritata 
V. marginata 
V. obconica .. r V. patellina T. bidulphae 
Campanula V. campanula 
V. cratera 1&2 V. 1ongitricha 
V. macroscoscopica 
V. e ica 
Globular V. anomala 
V. constricta 
V. globularia 
V. macrostyla 
V. pulchella V. s haerica 
Microstoma V. microstoma 1&2 
V. operculariformis 
V. sepulcreti V. striata 1&2 V. utriculus 1,2 &3 
Table 10. The member species of the five Mortice l lashape groups. 
Where more than one example of each species has been included, the 
drawings derived from separate sources. One species from each shape 
group is shown in fig. 76a. 
The outline shape was defined by taking the axis of symmetry down 
the length of the zooid and a line perpendicular to it just below the 
lip. The length from the peristomial lip to the stalk was standardised 
by enlargement to 10 cm and the distance from the axis of symmetry to 
the outline of the body (i. e. the width) was measured at 0.5 cm intervals 
with an extra measurement 0.25 cm below the peristomial lip (fig. 75). 
This gives a matrix of 22 numbers which defines the body shape and from 
this the zooid may be redrawn (fig. 76b). With the outline quantified 
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Figure 75. Schematic representation of a Vorticella zooid 
drawn to a standard length (10 cm) showing the 22 width 
measurements from which shape analyzes were made. 
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Figure 76. Showing five species of Vorticella with one example of each 
of the five shape groups; A entire zooids drawn to scales B. - half 
profiles of zooids drawn to a standard length; C- zooid profiles 
following standardisation of width to the peristomial lip; D- zooid 
profiles following standardisation of width to the maximum body width. 
in this way, it is possible to compare the shapes mathematically. To 
do this, both principal components analysis (k-CA) and the Fourier 
transform were employed. PCA is a multivariate statistical technique 
which extracts from the disposition of specimen points in the original 
n-dimensional space of n attributes, the major axis along which occurs 
most of the variation; that is, most of the scatter in a cloud of points. 
Further, the extraction process yields mutually orthoganol axes which 
account for decreasing proportions of the total variability in the 
sample. Thus the original n-dimensional space may be reduced to a 
space of less dimensions (e. g. two) which accounts for most of the 
variation in the sample. The proportion of the total variation exhibited 
in a two dimensional scatter-plot such as this is called the 'percentage 
trace'. Numerous applications of this technique have entered the 
numerical taxonomic literature with examples to be found in almost every 
major plant and animal group (for review, see Sneath & Sokal, 1973). 
For example, among the ciliates, multivariate analyses have been 
employed in taxonomic studies of both Tetrahymena (Gates & Berger, 1974) 
and Paramecium (Powelson, Gates & Berger, 1975). 
By contrast, the Fourier transform (Smirnov, 1927) is a technique 
which analyses a data set, presented in the form of a repeating wave, 
into component sine and cosine terms. As in PCA, the first two terms 
should account for the greatest variance. In the present study, the data 
sets were transformed into a wave pattern by repeating the data in 
reverse order and arranging the values around the mean of the data set. 
Both the PCA and Fourier transform were carried out on an IBM computer 
using program packages supplied by the BM (NH) Biometrics Department. 
ii. Results of Body Shape Analysis 
For the first analysis, width measurements only were used for 
the PCA and the results are shown in the scattergram (fig. 77). In 
this plot, the globular group is to the lower left but there is no 
resolution of the microstoma and cylindrica groups. The triangular 
group has one outlying member, V. bid le (9). The percentage 
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vorticellae. For identification of individuals, see 
Appendix 2. 
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trace of this plot, i. e. the proportion of the total variance represented, 
was 91yß. 
In the analysis used above, each measurement was treated as an 
independant unit rather than a series forming a profile. To take account 
of the curvilinear nature of the data, it was considered as a sequence 
of gradients. By treating the profile as a series of short steps, 
knowledge of the angle of each fragment allows us to reconstruct the 
figure. In this context, the gradients are defined by the difference 
in width of one point to the next. This method also confers the property 
of dependence of one measurement on those prior to it. The gradient data 
was analysed by PCA and the resulting scattergram (fig. 78) shows the 
resolution of the groups in two dimensions. Although there is a slight 
improvement in the separation of the groups compared with the previous 
analysis, there is still some overlap between the triangular and 
campanula groups. The percentage trace was 7C$. 
In both of the analyses above, separation was based as much on 
width differences as on body shape. To ensure that shape alone was the 
determining factor, the widths were standardised. This was done in one 
of two ways, first by assigning a unit value to the peristome width 
and secondly, by using the shape to dictate the standard and assigning 
a unit value to the maximum width. Following standardisation, the 
gradients were calculated and the data was analysed by PGA. The 
resulting scatterplots are shown in figures 79 and 8o. Standardisation 
on the peristome width resulted in a tendancy to distort the shapes by 
'spreading' the globular forms, which have narrow peristomes, and 
compressing the triangular and campanulate forms, which usually have wide 
peristomes (fig. 75c). Therefore, the resulting shapes were no longer 
recognisable in their original form. The scatterplot (fig. 79) shows 
some overlap between the campanula and triangular groups. The percentage 
trace was 81%. Standardisation to the maximum width did not distort 
the shapes in this way (fig. 76d) and, although it gave the best 
resolution of groups so far (fig. 80),, it was still not possible to 
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separate the campanula and triangular groups on a two dimensional plot. 
In order to study the data in greater detail, the groups were examined 
in a three dimensional plot on an Apple II computer whereby the third 
principal component could also be considered. The three coordinates 
of each point were entered and the various members of each group were 
joined together by lines (fig. 81). Using 'Apple World' (UNITED 
SOFmAHE OF AMERICA), a 3-D animated graphics system, the whole figure 
can be ortated and viewed from different angles in the third dimension. 
In this way, it was found that the campanula and triarular groups were 
clearly separate (fig. 81) and the apparent overlap observed previously 
(figs 79 & 80) was due to the limitations of the two dimensional plot. 
The percentage trace in three dimensions was 78%. 
To simplify the definition of body shape, the areas of the zooid 
exhibiting the greatest proportion of the variation were identified. 
It was found that nearly all of the observed variation occurred in the 
four regions shown in figure 82. These are represented by the angle 
described by the zooid in each region and may be calculated from the 
gradients thus; 
angle 1= mean of gradients 18 - 22 
angle 2= mean of gradients 15 - 18 
angle 3= mean of gradients 1- 10 
angle 4- mean of gradients 1-3 
Angles 1,, 2 and 4 were responsible for most of the variation 
with angle 2 having a much less significant effect. Following 
standardisation to the maximum width, these angles were calculated for 
each of the thirty-three specimen drawings and the data analysed by 
PCA. The resulting scatterplot is shown in figure 83. 
Still greater separation of the groups was possible by analysing 
the data by means of a Fourier transform instead of PCA. From the 
scatterplot resulting from this analysis, the best separation of groups 
so far was obtained (fig. 84)"9 In this plot, the 1st and 2nd Fourier 
coefficients are equivalent to the ist and 2nd principal components in 
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Figure 81. Three dimensional scatterplot showing results of 
Principal Components Analysis based on gradients following 
standardisation to the maximum body width (see fig. 80). 
-z72- 
Figure 82. Schematic drawing of a Vorticella zooid showing the 
four areas of the body which account for the greatest amount of 
variation in shape. These are; 
1- the stalk/zooid junction - mean of gradients 18 - 22. 
2- the scopula ridge = mean of gradients 15 - 18. 
3- the central region of the zooid = mean of gradients 1- 10. 
4- just beneath the peristomial lip mean of gradients 1-3. 
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PCA. With the establishment of a simple yet accurate method of 
quantifying body shape 
(i. e. the standardisation to the maximum width 
followed by the calculation of the angle of tangents 1,2,3 and 4) and 
an analytical technique giving the best grouping of similar shaped 
individuals and separation of different ones (i. e. the Fourier 
transform) it was possible to examine the entire genus Vorticella. 
The resulting scatterplot (fig. 8.5) shows that the 75 species exhibit 
a continuous spectrum of variation with regard to their outline form 
and they do not fall into discrete 'shape groups'. 
iii. A Pigeon-Hole Method for Grouping Vorticella 
Although the mathematical analysis of outline form failed to 
separate the species of Vorticella into recognisable 'shape groups', 
a slightly less definitive method may be successfully employed. In 
the previous section, it was shown that zooid shape is almost entirely 
determined by the angle of the body outline in three areas (p. 271); 
(1) at the stalk/zooid junction, (2) in the region above the scopular 
ridge, (3) just below the peristomial lip. Figure 86 is a schematic 
representation of Vorticella depicting the possible shapes the zooid 
may take. Starting at the stalk/zooid junction (angle 1) the zooid 
may either be rounded (A) or drawn out in an elongated fashion (B). 
The second principal angle determines whether the zooid is globular 
(1), cylindrical (2), or triangular (3) depending on the path followed 
by the body wall. Continuing on towards the peristome, the third 
principal angle is determined by the width of the peristomial lip 
and the degree to which the body is constricted (i - ix). Thus by 
following the outline of the zooid upwards from the stalk and noting 
the path followed at each of these three points, it should be possible 
to pigeon-hole each species into one of the fifty-four shapes which 
it is possible to derive from such a scheme. 
When this process was applied to the 75 recognised species of 
Vorticella, seventeen groups were obtained and a key to the 
identification of the specis of each group was constructed. 
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Figure 86. Schematic representation of a Vorticella zooid showing 
the 
& 
different shapes which are possible as a result of variation 
in three areas; (a) the scopula (A or B); (b) the central region 
(1,2 or 3); (c) just beneath the peristomial lip (i - ix). 
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Shape group A; 1: i. 
Shape group A. 1: i, consists 
of the following eight species; 
V. aeguilata 
V. anomaly 
V. costata 
V. globularia 
V. infusionum 
V. latifunda 
V. longiseta 
V. pulchella. 
Key to the identification of the species belonging to shape 
group A: 1: i. 
1 Pellicle unstriated .... 9.... 9............. 2 
- Pellicle striated ................... 9.... 3 
2 Disc convex and prominently arched above peristome ... V. anomala (fig. 38b) 
- Disc flat ................ V. globularia (fig. 49a) 
3 Macronucleus lies transversely with respect to major axis of body. 4 
- Macronucleus lies longitudinally with respect to major axis of 
body .................... V. aeguilata (fig. 36) 
4 C. V. located in upper 1/3 of zooid ............... .5 
- C. V. centrally located in zooid ..... V.. t1cchella (fig. 66a) 
5 Pellicle has concave ribbing between striations ......... 6 
- Pellicle does not have concave ribbing between striations ..., 7 
6 Striations widely spaced with a total of 18 - 30 (mean 21) per 
zooid .................. V. cow (figs 45a & b) 
- Narrow spacing between striations: 36 - 47 (mean 41) striations 
per zooid .............. . 11. usionum (figs 52b & c) 
7 Width of periatomial lip always greater than maximum body . 
width ............ e, *, ... V. longiseta (fig. SSb) 
- Width of peristomial lip less than or equal to greatest 
body width ................. Y. lat_, _ 
ifunda(fig. 54&) 
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Shape group A: 1: U. 
Shape group As 1: ii consists 
of the following four species; 
V. lutea 
V. muralis 
V. ovum 
V. szczepanowskii 
Key to the identification of the species of shape group A: 1: ii. 
1 Pellicle striated ... 00000.00000000000... 02 
- Pellicle smooth and unstriated ........ V.. ovum 
(fig. 63b) 
2 Macronucleus elongate and irregular or J-shape ........ .3 
- Macronucleus short, thick and C-shape. V. azczepanowskii (fig. 71a) 
3 Macronucleus J-shape and pellicle has convex ribbing between 
striations ................. V. lutea 
(fig. 
-57b) 
- Macronucleus irregular or straight but not J-shape; pellicle 
has normal ribbing between striations . V.. mura__ý__liss (figs 61a & b) 
Shape group A: 1: iii. 
Shape group A: 1: iii consists 
of the following five species; 
V. bosminae 
V. communis 
V. convallaria 
V. elngata 
V. halophila 
Key to the identification of the species belonging to shape group 
As 1: M. 
1 Zooid contraction normal and peristome closes completely .... 2 
- On contraction, peristome does not close and cilia remain 
visible ................ V. elon ata (figs 46b & c) 
2 Pellicle striated ....................... 3 
- Pellicle smooth and unstriated ...... V. communis (fig. 43b) 
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3 Macronucleus C-shape and lies transversely with respect to 
major axis of body ...................... 4 
- Macronucleus J-shape and lies longitudinally with respect to 
major axis of body ...... ..... V. convallaria (fig. 44) 
4 one C. Y. per zooid ...... ....... V. bosminae 
(fig. 46) 
- Two C. Y. 's per zooid ..... ...... V. halophila (fig. 50b) 
Shape group A: 2: iv. 
Shape group A: 2: v. 
ýý 
Shape group A: 2: iv 
consists of just one 
species - V. maxina 
(fig. 59a). 
Shape group A: 2: v 
consists of two species; 
V. gracilis 
V. verrucosa 
Key to the identification of the species belonging to shape 
group A: 2: V. 
1. Pellicle unstriated and furnished with numerous irregular 
tubercles ................ V. verrucosa (fig. 73a) 
- Pellicle striated and without tubercles. V. gracilis (fig. 49b & c) 
Shane group A: 31 vii. 
Shape group A: 3: vii 
consists of just one 
species - V. macrophya 
(fig. . a) . 
-280- 
Shape group A: 3: viii. 
Shape group A: 3: viii consists 
of three species; 
V. bidulphae 
V. exilis 
V. kenti 
Key to the identification of the species belonging to shape 
group A: 3: viii. 
1 Peristomial lip greater than maximum body width ......... 2 
- Peristomial lip never greater than maximum body 
width .................... V. exilic 
(fig. 47a) 
2 Zooid conical and pellicle has convex ribbing between 
striations ................ V. bidulpMe (fig. 40b) 
- Zooid elongate; ribbing between striations normal. .. . V., kenti (fig. b) 
Shape group A: 3: ix. 
Shape group A: 3: ix consists 
of just one species; 
ý,; V. dimorpha (fig. 46a) 
Shape group B: 11 1. Shape group B: 1: 1 consists 
of the following nine species; 
V. astyliformis 
globosa 
V. granulata 
V. microstoma 
V. lima 
V. oyerculariformis 
V. rotunda 
V. striate 
. V. voeltzkowi 
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Key to the identification of the species belonging to shape 
group B: 1: 1. 
1 Pellicle unstriated ...................... .2 
- Pellicle striated ....................... .4 
2 Pellicle smooth and macronucleus lies transversely with respect 
to major axis of body ..................... .3 
- Pellicle is furnished with numerous spine-like projections and 
macronucleus lies longitudinally in body . V. voeltzkowi (fig. 74) 
3 Peristomial lip less than or equal to half the greatest body 
width .................... V. globosa 
(fig. 48b) 
- Feristomial lip wider than half the greatest body 
width .................... V. rotunda 
(fig. 68b) 
4 Macronucleus C-shape and lies longitudinally with respect to 
major axis of body .......... ............. . -5 
- Macronucleus C-shape and lies transversely with respect to 
major axis of body ...................... .7 
5 Pellicular granules absent .................. .6 
- Pellicle- :- is furnished with numerous irregular 
granules ................ A. granulata (fig. 50a) 
6 Zooid curved and pellicle has concave ribbing between 
striations .................. V. lima (fig. 55a) 
- Zooid not curved and pellicle has normal ribbing between 
striations ................ V. microstoma (fig. 60) 
7 Pellicle has concave ribbing between striations ....... .. 8 
- Pellicle has convex ribbing between striations ..... V. striata (fig. 69 b-&-c-7 
8 Zooid has a total of 24 - 26 (mean 25) striations and 
70 - 120 (mean 105) pores ....... V. astvliformis (fig. 39b) 
- Zooid has a total of 42 - 50 (mean 46) striations and 
20 - 28 (mean 24) pores ..... V. operculariformis (fig. 63a) 
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Shape group B: 1: ii. 
Shape group B: is ii consists 
of the following nine species; 
V. banatica 
V. bivacuolata 
V. campanula 
V. incerta 
V. jaerae 
V. limnetis 
V. pyriforme 
V. rubristigma 
V. telescopica 
Key to the identification of the species belonging to shape 
group B: 1: ii. 
1 Pellicle smooth and unstriated .................. 2 
- Pellicle striated ........................ 6 
2 Zooid has one C. Y ....... .................. 3 
- Zooid has two C. V. 's ..... ...... V. bivacuolata 
(fig. 41a) 
3 Zooid surface without ridges; zooid contracts normally ..... 4 
- Zooid has two distinct transverse ridges in lower half, and on 
contraction, these overlap ........ V. telescopica (fig. 71b) 
4 C. V. situated in upper 1/3 of zooid and stalk sheath is not 
twisted ............................. 5 
- C. Y. located centrally in zooid and stalk sheath is 
twisted ................... N. . incerta 
(fig. 51b) 
5 Macronucleus C-shape and when present, thecoplasmic 
granules are not red ............ V.. pyriforme (fig. 67a) 
- Macronucleus S-shape and spasmoneme has several rows of red 
thecoplasmic granules .......... Is rubristigma (fig. 69a) 
6 Macronucleus J-shape or irregular and lies longitudinally 
With respect to ma jor axis of 
body 
""""""""""""0"0 
"' 
- Macronucleus C-shape and lies transversely with respect to 
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major axis of body .......... V. limnetis 
(fig. 55b) 
7 Macronucleus J-shape .................... 
8 
- Macronucleus irregular ......... V. erae 
(fig. 53a) 
8 Zooid contains numerous dark, refractile granules. V. campanula (figs 2b & c) 
- Zooid without dark, refractile granules. V. banatica 
(fig. 40a) 
Shave group B: 1: iii. 
Shape group B. 1: iii 
consists of the following 
ten species; 
V. alba 
V. alpestris 
V. annulata, 
a V. incisa. 
V. aye 
V. microscopica 
V. paxasita 
V. p1. atysoma 
V. pulchra 
V. venusta 
Key to the identification of species belonging to shape group 
B: 1: iii. 
1 Animal attached to substratum ................. 2 
- Animal never attached uses stalk like a flagellum to aid 
locomotion ................. V. ma eri (fig. , 
55b) 
2 Pellicle unstriated ...................... 3' 
- Pellicle striated ....................... 4 
3 Stalk has 1-3 distinct ridges or annulations v. annu to 
(fig. 38a 
- Stalk normal, without ridges or annulations .. N. alba (fig. 37a) 
4 When present, thecoplasmic granules are not red ........ .5 
- Spasmoneme has red thecoplasmic granules. V. microscopica (fig. 59c) 
5 Peristomial lip normal and without spine-like projections ... 6 
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- Peristomial lip has a row of spine-like projections .. V. ulchra Zfig. 66a 
6 Macronucleus C-shape ...................... 7 
- Macronucleus J-shape ......... V. alpestris (fig. 37b & c) 
7 Pellicle has convex ribbing between striations ......... 8 
- Pellicle has normal or concave ribbing between striations ... 9 
8 Macronucleus lies transversely across centre of zooid and 
disc is prominently arched ......... V. incisa (fig. 52a) 
- Macronucleus lies longitudinally in upper 1/3 of zooid 
and disc is flat or slightly convex .... Y. venusta (fig. 72a) 
9 Zooid elongate, never less than four times the greatest body 
width; ribbing between striations normal . -V. parasites 
(fig. 64{a) 
- Zooid length less than twice the maximum body width; 
concave ribbing between striations .... V. platysoma 
(fig. 65b) 
Shape group B: 2: iv. 
Shape group B: 2: iv consists 
of just one species, 
V. flexuosa (fig. 47b) 
Shape group B: 21Y. 
Shape group B: 2: v consists 
of following two species; 
V. cratera 
V. subprocumbens 
Key to the identification of the species belonging to shape group 
Bs 2: V. 
1 Peristomial lip broad, usually greater than the zooid length, 
flat and with an undulating, frill-like rim . V. Y-Mtekk(fig. 45c) 
- Width of peristomial lip less than the zooid length and without 
a frill-like rim .. . subprocumbens (fig. 70a) 
A 
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Shape group B: 2: vi. 
Shape group B: 2: vi consists 
of the following six species; 
V. aperta 
V. calciformis 
V. longifilum 
V, icta 
V. rhabdophora 
V. vernalis 
Key to the identification of the species belonging to shape 
group B: 2: vi. 
1 Zooid with a membranous or mucilagenous covering ......... 2 
- Zooid without a membranous or mucilagenous covering ....... 3 
2 Zooid symmetrical and with a membranous covering; pellicle 
smooth and unstriated ............. V. aperta 
(fig. 39a) 
- Zooid asymmetrical and with a mucilagenous covering; pellicle 
striated ................. V., rhabdophora (fig. 68a) 
4 Spasmoneme has red or green thecoplasmic granules and 
pellicular tubercles are absent ........ V. Dicta (fig. 65a) 
- When present, thecoplasmic granules are colourless; pellicle 
has numerous, irregularly arranged tubercles . V. venusta 
(fig. 72a) 
5 Pellicle striated and macronucleus J-shape. V. calciformis (fig. 42a) 
- Pellicle smooth and unstriated; macronucleus C- shape V. longifilum 
(fig. a) 
Shave group Bz 3: viii. 
Shape group B: 3: viii consists 
of just one species, 
V. nutans 
. 
(fig. 62a), 
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Shape group B: 3: ix. Shape group B: 3: ix consists 
of the following nine species, 
V. chiorostigma 
V. fromenteli 
V. hamata 
V. longitricha 
V. marginata 
V. ratans 
V. obconica 
V. pate1lina 
V. vestita 
Key to the identification of the species belonging to shape group 
Bs 3s ix. 
1 Animal attached to substratum by stalk .............. 2 
- Never attached, free-swimming with stalk held projecting 
forwards ................... V. natans (fig. 61c) 
2 Zooid does not contain endosymbiotic zoochlorellae ........ 3 
- Zooid contained. endosymbiotic zoochlorellae. V. chlorostigma (fig. 434 
3 Zooid without an alveolar membranous covering .......... .4 
- Zooid with a transparent, alveolar membranous covering. . V. vestita (fig. 73b) 
4 Pellicle unstriated ....................... .5 
- Pellicle striated ........................ .6 
5 Peristomial lip undulating and pellicle has a distinct ridge in 
region of telotroch band .......... V. obconica (fig. 62b) 
- Peristomial lip striaght and zooid does not have a ridge in 
the region of the telotroch band ...... V. patellina (fig. 64b) 
6 Macronucleus C-shape and lies transversely-7- with respect to 
major axis of body .......... 9........ 99... 7 
- Macronucleus C-shape and lies longitudinally with respect to 
major axis of body ............ Y. longitricha (fig. 57a) 
7 Peristomial lip narrow, never greater than half the body length . .8 
- Peristomial lip broad, usually greater than body lengthy. n ginata 
(fig. 58b) 
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3 Zooid held vertically on stalk and has a distinct ridge 
running obliquely around lower 1/3 of body ...... V. fromenteli (fig. 48a) 
- Zooid curved and without a distinctive ridge . V. nutans 
(fig. 62a) 
3la e ý? oJ' vi jhape ý; rouj' A: 21: vi is 
is distinguished by a 
conspicuous constriction in 
the central area. The re (are 
two species; V. quad. mular_is 
and L. subs inuat a. 
Key to the identification of the species belonging to group A: 2': vi. 
1 Zooid large, usually about ZOO pm long, elongate and with 
a finely striated pellicle ..... V. guadrangularis 
(fig. 67b) 
- Zooid small, usually 15 pm long, and has a smooth, 
unstriated pellicle ........... V. subsinuata (fig. 70b) 
G. KEY TO THE IDENTIFICATION OF THE SPECIES OF VOATICELIA 
BASED ON TRADITIONAL MORPHOLOGICAL FEATURES 
1 Animal free-swimming and never attached to a substratum .... .2 
- Animal attached to substratum by its stalk ........... 3 
2 When swimming, stalk held motionless projecting forwards. V. natans 
(fig. 6 la ) 
- When swimming, stalk is used like a giant whip-like 
flagellum .................. V. myeri (fig. 5'9b) 
3 Zooid does not contain endosymbiotic zooohlorellae. ...... .4 
- Zooid contains endosymbiotic zoochlorellae V. chlorost, i$ ma 
(fig. 43a) 
4 Pellicle striated ........ ................ .5 
- Pellicle unstriated ...................... 54 
5 Spasmoneme has red or green thecoplasmic granules ........ 6 
- When present, thecoplasmic granules are colourless ....... .8 
6 Zooid has one C. Y ........................ 7 
- Zooid has two C. V. 's ............. . V. it cta (fig. 65 a) 
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7 ', ooid asymmetrical measuring 35 x 20 um and has several 
rows of thecoplasmic granules .... . V. rubr. "istigma 
fig. 69a) 
- Zooid symmetrical measuring 20 x 10 im and has a 
single row of thecoplasmic granules . V. microscopica (fig. 59c) 
8 Zooid cylindrical and not constricted below peristomial 
lip which is greater than maximum body width ......... 9 
- Zooid inverted bell-shape, spherical or irregular but 
not cylindrical ....................... 10 
9 When zooid contracts, cilia are withdrawn and peristome 
closes completely ............. . V. kenti (fig. 53b) 
- When zooid contracts, cilia remain erect and peristomial 
lip is not closed completely ..... V. elongata(figs 
46b & c) 
10 Zooid does not have a distinct, centrally located 
constriction ........................ . 11 
- Zooid has a distinct, centrally located 
constriction (see fig. 87) .... V. guadrangularis (fig. 67b) 
constriction 
Figure 87. Zooid with a distinct, centrally located constriction. 
11 Macronucleus C-shape and lies transversely in zooid ..... 12 
- Macronucleus C-shape, J-shape or irregular and lies 
longitudinally in zooid ....... 9........... 30 
12 Pellicle has convex ribbing between striations ....... . 13 
- 'pellicle has normal or concave ribbing ........... . 17 
13 Peristomial lip less than greatest body width ........ 14 
- Peristomial lip equal to or greater than maximum body 
width (see fig. 88) ..................... 15 
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f- BW -ý--> 
a-PLý 
4 
Figure 88. Schematic representation of two zooids in which; 
(a) peristomial lip (rL) < body width (BW); (b) irL>B'r1. 
14 C. V. centrally located and vestibulum reaches 3/4 zooid 
length .................. V. pulchella (fig. 66a) 
- C. V. situated just beneath peristomial lip and vestibulum 
only reaches 3 zooid length .... .. V. striata 
(figs 69b & c) 
15 Peristomial lip always greater than maximum body width .. ... 16 
- Peristomial lip about equal to maximum body width ........ 17 
16 Pellicular striations broad and distinct; body not constricted 
below peristomial lip ........... V. bidulphae (fig. 40b) 
- Pellicule. finely striated; body usually constricted 
beneath peristomial lip .......... V. longiseta (fig. 56b) 
17 Zooid somewhat rotund and disc prominently arched above 
peristonte ........... 0 ,0 40 000V. incisa 
(fig. 52a) 
- Zooid cylindrical and disc flat or slightly 
convex .................. . V.. macro a 
(fig. 58a) 
18 Pellicle has concave ribbing between striations ........ . 19 
- Pellicle has normal ribbing between striations ......... 24 
19 Peristomial lip equal to maximum body width ....... ",,, * . 20 
- Peristomial lip less than maximum body width ... 009.... 21 
20 Stalk sheath is twisted .......... Y. lir em (fig. 55b) 
- Stalk sheath straight and not twisted V. plat 
-soma 
(fig. 65a) 
0 21 Macronucleus curved less than 360 ....... 9....... 22 
- Macronucleus curved more than 3600 in a ring-like 
manner ............... V. operculariformis (fig. 63a) 
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22 Few pellicular pores are present, usually about 15 or 
16 ýe r 100 }un2 .... 
23 
- Pellicular pores numerous with an average of 104 per 
100 pmt .............. V. astyliformis (fig. 39b) 
23 Pellicle has a total of 18 - 30 (mean 21) 
striations ............. . V. costata (figs 45a & b) 
- Pellicle has a total of 34 - 51 (mean 42) 
striations ............ V. infusionum (figs 52b & c) 
24 Zooid has one C. V ...................... 25 
- Zooid has two C. V. 's .......... V. dimorpha (fig. 46a) 
25 Peristomial lip less than or equal to greatest body 
width ........... 00.. 0000.0000000 26 
- Peristomial lip broad, usually twice the maximum body 
width ..... ............ V. marginata (fig. fib) 
26 Zooid erect and constricted below peristomial lip .. .. . 27 
- Zooid curved and not constricted below peristomial 
lip ...... IIIII9. SIIIS. . V. ha, inata (fig. 51a) 
27 Scopular region of zooid rounded or tapering towards 
stalk but not truncated or overlapping ........... 28 
- Scopular region of zooid truncated and peripheral 
areas overlap the stalk (see fig. 89, . V.. latiý (fig. j+a) 
\/ 
ýý 
bý 
Figure 89. Schematic representation of the scopular regions of 
three zooids; (a) rounded; (b) tapering; (c) truncated and 
overlapping. 
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28 Zooid length less than twice the maximum zooid width ..... 29 
- Zooid elongate and its length is at least twice the 
maximum width .............. V. parasita 
(fig. 64a) 
29 Scopular region of zooid tapers towards stalk ..... V. marina 
(fig" 5%) 
- Scopular region rounded and does not taper towards 
the stalk ................ . V. 
bosminae (fig. 41b) 
30 Macronucleus C-shape and lies longitudinally in zooid .... . 31 
- Macronucleus J-shape or irregular .... .......... . 144 
31 Pellicle has convex ribbing ....... .......... . 32 
- Pellicle has normal or concave ribbing . ........... 33 
32 On contraction, peristomial lip becomes 
puckered .............. V. szczepanowskii(fig. 71a) 
- On contraction, peristomial lip is drawn up in a narrow 
cylindrical shape ............ . V. venusta, 
(fig. 72a) 
33 Pellicle has tubercles or granules ... ........... 34 
- Pellicle without tubercles or granules . ........ "". 35 
34 Zooid has two C. V. 's .......... . V. vernalis 
(fig. 72b) 
- Zooid has one C. V ............ . V. granulates 
(fig. 50a) 
35 Pellicle has concave ribbing ...... ........... 35 
- Pellicle has normal ribbing ...... ........... . 38 
36 Zooid positioned vertically on stalk .. ........... 37 
- Zooid curved and asAumes a nodding position on the 
stalk .................. ... . V. lima 
(fig. 55a) 
37 Zooid has a total of 38 - 70 (mean 58) 
striations ............... . V. aeguilata (fig. 36) 
- Zooid has a total of 65 - 89 (mean 72) 
striations ............. . V. alpestris (figs 37b & c) 
38 Diameter of peristomial lip less than the maximum body width . 39 
- Diameter of peristomial lip greater than or equal to the 
maximum body width ........... ........... 40 
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39 Disc prominently arched above peristome and stalk has a 
constriction about 2 way down below which it is non- 
contractile ............. . V. liphenicola 
(fig. yob) 
- Disc flat or slightly convex; stalk without a constriction 
and contracts normally ......... V. microstoma (fig. 60) 
40 Zooid held erect on stalk ................. . 41 
- Zooid curved ............ V. subprocumbens 
(fig. 70a) 
41 Macronucleus short and thick ................ . 42 
- Macronucleus long and thin ................. . 43 
42 Zooid elongate; peristomial lip about equal to the 
maximum body width ............ V. exilis 
(fig. 47a) 
- Zooid inverted bell-shape and peristomial lip is wider 
than maximum body width ....... V. longitricha 
(fig. 57a) 
43 Peristomial lip has a row of spine-like projections; 
stalk sheath normal ........... V. pulchra 
(fig. 66b) 
- Peristomial lip without a row of spine-like projections; 
stalk sheath twisted .......... V. flexuosa (fig. 47b) 
44 Macronucleus irregular - proximal region straight, 
distal region twisted ............... 999.. 45 
- Macronucleus J-shape, longitudinally situated in zooid 
with upper arm lying horizontally across peristome ..... . 46 
45 Zooid elongate with prominent bulge in lower 3; 
peristomial lip narrower than maximum body width .. . V. muralis (figs 1a &b 
- Zooid inverted bell-shape= peristomial lip equal to 
or greater than maximum body width .... . V. jaerae 
(fig. 
, 9a) 
46 Pellicle has convex ribbing ................. 47 
- Pellicle has normal or concave ribbing ........... . 48 
47 Zooid has two C. V. 's . ......... V. halophila (fig. 50b) 
- Zooid has one C. V ... ......... 9. V. lutea 
(fig. Y b) 
48 Zooid with an external membranous or mucilagenous covering . . 
49 
- Zooid without an external membranous or mucilagenous covering. 50 
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49 Zooid has an alveolar membranous investment .. V. vestita 
(fig. 73b) 
- Zooid has a mucilagenous covering ..... V. rhabdoý hors 
(fig. 68a) 
50 Peristomial lip broad, usually greater than zooid length ..... 51 
- Peristomial lip less than zooid length .............. 52 
51 Peristomial lip has an undulating, frill-like rim; 
dark refractile granules absent ........ V. craters (fig. 45c) 
- Peristomial lip without a frill-like rim; 
cytoplasm contains numerous dark, refractile granules . V. campanula Zf igs 2h Ac 
52 Pellicle has normal ribbing ................... . 53 
- Pellicle has concave ribbing ....... V. gracilis 
(figs 49b & c) 
53 C. V. situated in upper 3 of zooid ................ . 54 
- C. V. centrally located in zooid ....... . V. banatica 
(fig. 40a) 
54 Peristomial lip less than or equal to maximum zooid 
width; middle position of zooid cylindrical. V. calciformis (fig. 42a) 
Peristomial lip greater than maximum body width; zooid 
inverted bell-shape ....... 0.... V. convallaria 
(fig. 44) 
55 Diameter of peristomial lip less than maximum body width ..... 56 
- Diameter of peristomial lip equal to or greater than 
maximum body width ........................ 62 
56 Pellicle smooth and without projections ............. . 5'7 
- Pellicle has numerous spine-like projections. V. voeltzkowi (fig. 74) 
57 Zooid has one C. V .......... .............. . 58 
- Zooid has two C. V. 's V. bivacuolata (fig. 41a) 
58 C. V. centrally located in zooid ....,............ . 59 
- C. Y. situated in upper l of zooid ................ . 60 
59 Zooid elongate and scopular region tapers towards the 
stalk ..................... V. incerta (fig. 51b) 
- Zooid spherical scopular region does not taper towards 
stalk ..................... V. and (fig. 38b) 
60 Scopular region of zooid tapers towards stalk .......... . 61 
- Scopular region of zooid rounded and does not taper towards 
stalk ........ 9.......... . Yo globularia (fig. 49a) 
-294- 
61 Zooid elongate, length about twice the maximum body 
width ..................... . V. ovum (fig. 63b) 
- Zooid spherical, length equal to maximum body width .. V. lobosa Zfig. b 
62 Stalk without annulations ............... .... . 63 
- Stalk has 1- 3 distinct annulations .... V. annulata (fig. 38a) 
63 Zooid without a transparent membranous covering .... .... . 64 
- Zooid with a transparent, membranous covering ."""" " er Vigo 
a 
64 Pellicle smooth and without tubercles ......... .... . 65 
- Pellicle has numerous irregular tubercles . V. verrucosu (fig. 73a) 
65 Macronucleus C-shape and lies transversely with respect 
to major axis of zooid ..................... 
66 
- Macronucleus C-shape or S-shape and lies longitudinally 
with respect to major axis of zooid .............. . 68 
66 Scopular region of zooid tapers towards stalk ......... . 67 
- Scopular region of zooid is rounded and does not taper 
towards stalk ............... . V. communis (fig. 43b) 
67 Diameter of periatomial lip greater than maximum body 
width ................... V. pyriforme (fig. 67a) 
- Diameter of peristomial lip less than or equal to 
greatest body width ............ . V. rotunda 
(fig. 68b) 
68 Macronucleus C-shape and, when present, thecoplasmic granules 
are colon less ......................... 
69 
- Macronucleus S-shape and spasmoneme has red thecoplasmic 
granules ................ V. rubristigma (fig. 69a) 
69 Pellicle without ridges and zooid contraction is normal .... . 70 
- Pellicle has two distinct ridges in lower half of zooid and 
on contraction, the area of the zooid about each ridge 
overlaps the region below ........ Y. telescopica (fig. 71b) 
70 Peristomial lip less than or equal to body length .... ',, . 71 
- Peristomial lip broad, equal to body length; zooid shaped 
like an equilateral triangle y" ýý (fig. 64b) 
-295- 
71 Zooid held erect on stalk .................. 72 
- Zooid curved and held in nodding position on stalk .. V. nutans (fig. 62a 
72 Macronucleus short and slightly curved ........... . 73 
- Macronucleus long with both ends curved in a ring-like 
manner ............. V. longifilun (fig. -56'a) 
73 Disc prominently arched above peristome; vestibulum 
reaches 2/3 zooid length ....... . V. subsinuata (fig. 70b) 
- Disc flat; vestibulum short terminating in upper -j 
of zooid .................. V. albs (fig. 37a) 
H. DISCUSSION 
In the past, one of the main problems in trying to identify 
Vorticella species was the vast number of taxa (207) which existed in 
the literature. Corliss (1979) is just one of several workers to have 
expressed doubt that all of these are valid, the main source of 
sceptiscisla lying in the fact that there are so few reliable characters 
on which the various taxa can be separarted. In the last major review 
of the genus, Noland & Finley (1931) listed the characters which they 
considered to be of most taxonomic importance, (see p. 200). However, 
several of these, such as the zooid size and the configuration of the 
peristomial disc, have proved to be highly variable and therefore of 
limited value. Converee]y, other features which, fifty years ago were 
considered to be no more than potentially important, e. g. the presence 
of endosymbiotic zoochlorellae and the ribbing of the pellicle between 
striations, have since been investigated (by Graham & Graham, 1980 and 
Foissner & Schiffmann, 1974 respectively)and are now accepted as reliable 
taxonomic traits. Other traditionally accepted morphological features 
such as the macronucleus, the contractile vacuole(s), the vestibulum 
and the pellicular striations are now comparatively easy to observe 
using special techniques, I. e. -phase and interference contrast 
microscopy and specific stains, and as a result, have now become even 
more useful for separating species. This is perhaps best highlighted 
-ý, 
by the biometric analyses of Foissner & 3chiffmann (1974,1975 & 1979) 
which were based almost entirely on silver stained preparations. 
Furthermore, with the increasing use of SG MM, il; M and freeze-fracture 
techniques, it is likely that fine detail of surface structures such 
as pellicular pores and tuberosities, and ultrastructure will play an 
increasingly important role in the taxonomy of the group. In the 
meantime, we are still reliant on the traditional morphological 
characters and it was on this basis that the present genus revision 
was carried out. With two closely related genera, Haplocaulis and 
Pseudovorticella, now firmly established, and the rejection of 
varieties and sub-species as valid taxa by the International Commission 
of Zoological Nomenclature (1964), it was possible to reduce the 
number of Vorticella species to just 75, following a careful examination 
of the original drawings and descriptions. 
In a more objective approach, a principal coordinate analysis 
P. Co. A. ) was employed to examine the similarity between the various 
species in the group. P. Co. A. is a well known technique which _. 
been used for taxonomic purposes in a variety of plant and animal 
groups (Sneath, 1972; Sneath & Sokal, 1973; Everitt, 1978). In 
the present analysis of the genus Vorticella, the P. Co. A. suggested 
three instances of synonymy, each of which confirmed the findings 
made from the examination of the original drawings and descriptions. 
Nevertheless, the vast majority of species could neither be grouped 
together nor separated conclusively by this method. There are 
several possible explanations for this, perhaps the most likely 
being the lack of sufficient detail, particularly among the early 
species descriptions, resulting in too many untested characters. 
In their definitive work on Vorticella taxonomy, Noland & Finley (1931) 
C listed the principal characters for separating species, yet many of 
these remain unrecorded even in comparatively recent descriptions. 
Ideally, every new description should also include biometric data 
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derived fror an examination of clonal cultures of the type ; )r. -esented 
by 'oi sner . ächiffrnann (1974,1975 & 1979). Another ex, ýlanation 
for the inconclusive result of the i o. A. is t! -. t there could be 
insufficient variation within the group on which to separate so many 
taxa, thus cofirming the suspicion expressed by Corliss (1979) and 
others. 
For the ecologist, the problem still remains of quickly and 
accurately assigning a name to an isolate without having to undertake 
complicated and time consuming procedures such as silver staining and 
electron microscopy. Therefore, a practical identification scheme 
was derived whereby this could be achieved. Of all the characters 
used for recognising Vorticella-species, zooid shape is perhaps the 
first and most easily recognisable, and for this reason, was chosen 
to form the basis of the scheme. The initial problem in this process 
was the quantification of zooid-shape. 
The quantitative analysis of biological shapes began with the 
pioneering work of Thompson (1917) who showed that many shapes could 
be expressed as simple mathematical transformations of other shapes 
by means of transformation-grids. Unfortunately, the hopes of 
locating features in these constructions and extracting usable quantities 
rarely came to fruition due to the complexity of the analyses and the 
asymmetrical nature of the transformation-grids produced. Sneath 
(1967) proposed a simplified trend-surface analysis of the transformation- 
grids and suggested that this nay have applications in several fields 
including taxonomy. Also, Bookstein (1977) has developed a method 
of comparing homologous shapes by computing a special transformation- 
grid, the biorthoganol grid, whose elements intersect at 900 thus 
removing the asymmetry. Despite these modifications, shape analysis 
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by mathematical transformation still requires considerable computation, 
and for this reason it was considered impractical for the present 
study. 
A far simpler configuration analysis was proposed by Gates (1979) 
in his study of cirral patterns in Euplotes spp. This was based on 
the measurement of interpoint distributions using the Kolmogorov- 
Smirnov parameter (Sokal & Rohlf, 1969 pp. 571 - 575) and while 
this technique can distinguish between simple geometrical shapes 
(ellipses, polygons) it clearly lacks the sensitivity required for 
analysing Vorticella zooid shapes. 
A more precise method of quantifying outline form is the Fourier 
transform which was first applied in biological shape analysis by 
Smirnov (1927) and has since been used by several workers including 
Kaesler & Water (1972) and Anstey & Delmot (1972). By using this 
technique, it was found that the major Vorticella zooid shapes 
could be readily distinguished from one another (fig. 84), When 
applied to all the species within the genus, a continuous spectrum of 
variation was observed (fig. 85). Because the outline shape of the 
Vorticella zooid is somewhat variable and is known to change according 
to conditions of growth, the age of the cell, and even the method of 
h 
examination employed, it was considered impractical to seek aý even more 
sensitive analytical technique. 
Although the various species of Vorticella could not be 
conclusively grouped by these methods, it was shown that three or 
four well defined areas of the zooid, i. e. the stalk/zooid junction, 
mid: - way between the scopula and the peristome, and just below the 
peristomial lip, almost solely determine the basic shape of the body. 
From these findings, it was possible to construct a more subjective 
"pigeon -hole' method of categorising Vorticella zooid shapes. By 
the application of this technique it should be possible for the 
ecologist to assign any given isolate to its appropriate shape group 
and then to identify it to species by using the relevent key. Wherever. - 
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possible, it is recommended that a range of actively growing cells, 
-preferably from a clonal culture, should be used for this analysis. 
In the case of the ecologist making direct examinations of wild 
isolates, the material should be kept as constant as possible and 
should be studied as quickly as possible after retrieval. 
For the future, the essential requirement is for more 
quantitative data concerning the range of variation that exists within 
a clonal culture in terms of the taxonomically important characters 
i. e. body shape, macronucleus size and position, surface topography 
and the number, size and position of the contractile vacuoles. 
Therefore, much work needs to be carried out particularly with regard 
to the difficult problem of culturing these organisms and in the 
meantime, it is recommended that no new species should be described 
unless full consideration is given to all the taxonomic criteria outlined 
here. 
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Appendix 1 
Vorticelila species represented in the scatterplot in fig. 35 which 
shows the results of the Principal coordinate Analysis for 100 vorticellae 
based on 50 morphological characters. 
1. V. aequilata 
2. V. alba 
3. V. anomala 
4. V. aperta 
5. V. banatica 
6. bivacuolata 
7. V. bosminae 
8. V. brevistyla 
9. V. campanula 
10. V. carinogammari 
11. y_. chinensis 
12. Y. chlamydophora 
13. V. chlorellata 
14. V. chydoricola 
15. V. claperedei 
16. V, communis 
17. V. convallaria 
18. V_. convallaria var. 
19. V. crassicaulis 
20. L delicatulata 
21. V. dimorpha 
22. V. echina 
23. V. ephemera 
24. V. epizooicus 
25. V. exilic 
26. V. fasciculata 
27. L f lexuosa 
28. V. floridensis 
29. V. fromenteli 
30. Y, ¬usa 
31. V. lg obosa 
32. V. halophila 
33. L a_= 
34. Y. hyälina 1 
35. 1 h alina 2 
36. L incisa 
37" V. inconstantans 
compacts 
38. V. intermissa 
39. V. kenti 
40. V. latestriata 
41. V. latifunda 
42. V. lichenicola 
43. J, lockwoodii 
44. V. longifilum 
45. V. longifilim f. epizooicum 
46. V. longimacronucleata 
47. V. longiphyrangeea 
48. V. longiseta 
49. V. longitricha 
50. V. lutea 
51. V. macro a 
52. V. macrostoma 
53" V. macrostyla 
54. V. magna 
55. V. marina 
56. L. mayeri 
57. V. microstoma 
58. V. microstoma v. cfvSatiljs 
59. V. mollis 
60. V. mortensi 
61. V. muralls 
62. V. mutans 
63. V. ratans 
64. V nutans 
65. Y. 
66. V parasite 
67. V. rý titer 
68. V. patellina 
69. V. elm agica 
70. L. i acta 
71. V. plicata 1 
72. V. lp icata 2 
73. V. rocera 
74. V. punk 
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75. V. putrinum 
76. V. )yrum 
77. V. pyrum collis 
78. V. quadrangularis 
79. V. rhabdophora 
80. V. rubristigma 
81. V. salina 
82. V. sepulcreti 
83. V. simplex 
84. V. smaragdina 
85. V. solitaria 
86. V. spectrabilis 
87. V. striata 
88. V. subcylindrica 
89. V. submicrostoma 
90. V. subprocumbens 
91. V. subsinuata 
92. V. teleacopica 
93. V. turgicula 
94. V. urceolus 
95. V. urnula 
96. y,. venusta 
9?. V. vernalis 
98. 1Ye vestita 
99. V. voeltzkowi 
100. V. zoothanligera 
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Appendex 2 
Vorticeila species represented in the scatterplots in figs 77, 
78,79,30,83 and 84 which show the results of principal component 
and Fourier analyses for 33 vorticellae based on zooid shape. The 
original source of each drawing is also indicated. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 . 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
V. alpestris 
V. aequi lata 
V. dipneumon 
V. elongates 
V. of oriana 
V. citrina 
V. margaritata 
V. patellina 
V. bidulphae 
V. longitricha 
V. macroscopica 
V. cratera 
V. campanula 
V. craters 
V. pelagica 
V. subconica 
V. obconica 
V. marginata 
V. anomala 
V. globularia 
V. macrostyla 
V. pulchella 
V. sphaerica 
V. constricta 
V. utriculus 
V. utriculus 
V. utriculus 
V. striata 
V. striata 
V. sepulcreti 
V. operculariformis 
V. microstoma 
V. microetoma 
Foissner 1979 
Curds 1969 
Penard 1922 
Fromentel 1874 
'ßicolesco 1962 
Kent 1880 - 1882 
Kahl 1935 
: Kent 1880 - 1882 
Stiller 1935 
Gajewskaja 1933 
Fromentel 1874 
: d"Udekem 1864 
Noland & Finley 1931 
Küsters 1974 
Gajewskaja 1933 
Stiller 1946 
: Kahl 1935 
Stiller 1940 
Gourret & Hoeser 1886 
Kent 1880 - 1882 
Schmarda 185+ 
Sommer 1951 
d"Udekem 1864 
Kahl 1935 
Foissner 1974 
Foissner 1974 
Stokes 1885 
: Noland & Finley 1931 
Curds 1969 
Foissner 1975 
Foissner 1979 
Noland & Finley 1931 
: Curds 1969 
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Appendix : 
Vorticelia species represented in the scatter:? lot in fig. 36 
which shows the results of the Fourier Analysis based on zooid shape. 
1. V. aeauilata 31. V. incisa 
2. V. albs, 32. ' V. infusionum 
3. V. alpestris 33. V_. latifunda 
4. V. annulata 34. V. lichenicola 
5. y_. anomala 35. I. 1i ma 
6. V. aperta 36. V., imnetis 
7. V. astyJiformis 37. V. longifilum 
8. . banatica 38. 
V. 1ongiseta 
9. V. bidulphae 39. V. 1ongitricha 
10. V. bivacuolata 40. V lutea 
11. V. bosminae 41. Vi'a erae 
12. V. ca]dformis 42. ykenti 
13. V. campanula 43. )Laacrophy 
14. V. chlorostigma 44. V. marginata 
15. y, gommunis 45. V. marina 
16. y, qonvallaria 46. V. riayeri 
17. L costata 47. Y. microscoyica 
18. y.,, er 48. V. microstoma 
19. j.. dimo a 49. j. muralls 
20. L elonga 50. V. natans 
21. V exilie 51. V "nutans 
22. V. flexuosa V. Qbconica 
23. V. fromenteli 53. V. operculariformis 
24. V. lobosa 54. j . ovum 
25. V. Elobularia 55. V "parasita 
26. V. 
_racilis 
56. V pate llina 
27. V. grand 57. V. picta 
28. V. halophila 58. V. platysoma 
29. V. hamata 59. V"pulchra 
30. V. incerta 60. V. pulchella 
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